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V. 


PREFACE 


The Engineering Design Handbook o t the 
Army Materiel Command it a coordinated aeriet 
of handbook* aabitin braie information and 
fundamental data ’jarful in tbe design and develop- 
nwn'» of A/ray waterSd and tydtaa . Tbe Hand- 
book* are /jathentativa re f erence books of practical 
information and ^nabtalm facts helpful is tbe 
design ajd dwda ynet t of sMtcrid that wilt ateet 
the norn of the Armed Fortes. 

This ha n d b ook, oar of a aeriet on ammunition, 
proems a general snrrey of the principal factors 
affc-tiag the flight of project! lee, and deanibee the 
amdKods eotamooly need for predicting end in- 
fluencing tbe flight p erfor m a nce . 

The eedBeianU which eharaeterme the aero- 
dynamic fames sad m oments on a moving bode 
am identified, metbnde for determiniag tbe eoefl- 
rieata applicable to a projectile baring a green 
ahnpt and center of grant? l oc at io n are dmerikid, 
and the eorikieats of a n amber ef peojsetiim ami 
projectile mep e e are give*. 

The mm of a erodynamic ceak ki c u te in p r e dictin g 
■lability, rang* and aetn m ey it daarrikad. Tbe 
effects of eariatioas in projectile dbape and center 
of grant; location an mage, a cc u racy and lethality 
are iMsrnmeil Boom material on pro to t y pe taming 
and the effects of roond-to-roand variation* in 
prodnetian lots it prase ntsd. 

It is no longer pmsiMe, if it orar won, to tram 
into a low hundred pages all of the iafanastkm 


required to intelligently design entry type of con- 
ventional projectile. IV author must choose bo- 
tween constructing ■ digest at sraUabl* informa- 
tion, or directing the desig n er to tie sources perti- 
nent to hia problem, together •ri.h enough back- 
ground material to make it potable far him to am 
the data in the original reports. Tbe monad ap- 
proach has beta ebooca in thfs handbook ; the ma- 
terial presented is intended to plnee Ac dmif ir 
in a posit: mi to ass new iafarmation as it is pro- 
duced by tbs earioas research facilities 

This teat was prepared by B. L. Kemler/aamtad 
by D. Tineberg, bath of the staff of The Badd 
Company- Mach of the material and many helpful 
comments were supplied by the U.S. Army Balliotie 
Resmreb Laboratories »<mI by tbe Pieatinny and 
Fnnkfotd Arsenals. Final editing and arranging 
were by the Engineering H an db oo k Office of Daks 
Uairanitj, prime contractor to the Army Bmmrrh 

Finn mis of the U.8. Army Materiel Command 
baring need tor keadbeihs may anbmit reqaimtiine 
er affirial request* directly to tbe Publications and 
l ap r s duttm a Agency, Letterkeany Army Depot, 
Ckambenbnrg, Peoaeytvaaia 17301. Cant ra etara 
should anbmit aneb nqnwtiona or raguasM In their 
eon tr ue ting oAeeru. 

Commonta mad onggsstiona on thin handbook era 
we l come and should be ad di aaod to Amy Be- 
march OAee- Durham, Box CM, Doha Btatier , 
Durham, North Carolina 3770*. 
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CSAPTZft 1 

IHTRODUCTIOH 


1 — L cmtu Thia baadbaok ia MMnwd with 
thr daaign o t prejaetilaa find from gnaa. TW pro- 
jaetilaa aamadand arc if y raat u naa mi weight 
thaa aaa uraiOr be find fna a hand-held 
vupM, sad t hey are aot t ^aip ptd with guidance 
ay et — It will W m nnul that they an bodies 
af rndati a a . asuartineu e^ ai ppad with fiaa, mad 
fiy » tbe ftnsrai direction of the leagnadinal ■«» 


i— a. lusnxs aw rarosxAvai 

TW principal maim af the parfama aea af 
a projectile art: 


k Lethality 
e Aeemraey 

d. TJmaffiigh. 

noad.er gnap af r a m da. w find an dc t cm i— d 
by a n aaaph i ri r aand ki aat, naarie nieeiiy, pu 

and by light ahafoctcciatiaa draifoad and both »ta 
the p ro j a rt ila. 

TW pri niry light tbara et eria t iea which dinctly 

iadoanar tW trajectory an : 

a. Drag 


hot bath drag, whirl ebirfiy affreta raagt and tin 
af light, and jump, whtrh ehiedy affects aa nr o ry . 
an the m eteea d r tana i aad bp a a a aibir af projartilr 
we will aa 


a. lero-yaw drag wafiri a it 
k Taw-drag aaefifcimt 
e. Seetimal d aaaity 
<L Lift eoefifaieat 
r. Stability 
t Aiyauartry effect* 
g- Wind ae n rit i i i ty 
k Manic blaat mmuMky 

TW lift aad drag eaafitoeabi an faar ti a ai af 
pnjactile ahapc and airaprad Stability ia prmanly 
a faartiia af abapa, airapaad. air daaaity, and epia 
rata, aad of the aaiwrr ia which the anas of the 
pnjeetilc ia distributed. Maasle blaat araaitieit y 

atability. Wind aaaaitivity dapaada oa the lift aad 
drag eaefieienta, «o atability, aad, ia tW eaaa af 
lorbri ametsd projectile*. aa tbe ratio of throat 
la drag. Practically all peojeciile bodiaa (and 
Ina) an daaigaed with ratatienal aymfry ; thair 
a ay aia Cry ariaea ia tW naaafaataring praam 
Pam, Wwaea t. an unaally agamatrie iatar aa ll y; 
t*» aaatrr af gravity af tW faaa dm nab W in 
the prajietalr axis. 

All af tW above aaaandary Might ahmilar 
huaa, mi than f an the prin ary light aharat- 
trriatm, an aentnllaMa by tW daaigaar to wkhia 
a Borrow roug e . tooad to noa d ea ri atiaaa aeiar 
awtag to maafaatariag tolaraaaaa and to ahanga 
in anaria eaiant y, air draaity aad wind patdant 
Striagaat maafartariag tobwaaces nay W to> 
paaad by tbe da rig aar if tba aaaaroay ta t prweo—K 
a hto iaa d am jaatify tW inenand aaat af am 
fact an 

1 - 4 . LOO tm CAL COKUDHMTIOVS 

jagririaa *TW Wnglnmet aanatoatly brae ha 
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mind the elements of east, storsbility, tad trans- 
portability. He should avoid, where possible, the 
one of materials likely to be in short supply during 
wartime. He will often be limited by the facilities 
for loading the projectile into the gnu, and by the 
design of the gun chamber. Host of those con- 
siderations are beyond the scope of this partienlar 
h a n d b oo k , but are o n rena l ia other design hand- 
books of thi» series. 

it ia not difficult to design s projectile having 
long range, a relatively short time of flight, and 
a small round -to-eound di s p e r s ion. However, the 
projectile might, and probably would, have such a 
■stall destructive value, or lethality, that it would 
be Madras a* a weapon. THE PRIME FUNCTION 
OF THE PROJECTILE DESIGNER IS TO 
FIND THAT COMPROMISE AMONO RANGE, 
ACCURACY AND LETHALITY WHICH WILL 
BEST SUPPORT THE MISSION OF THE 
WEAPON SYSTEM UNDER CONSIDERA- 
TION. 

For example, m o diAesri o n of an eristic pro- 


jectile by inermaing the length of its ogive, while 
preserving the overall length cf the projectile, 
fchould decrease its drag coefficient and, therefore, 
increase its range. However, the stability of the 
round will he altered, with some effect on accuracy ; 
the volume of the projectile will be decreased, with 
resulting decrease in lethality (or other measure of 
uaefulnew, as ia the ease of smoke or illuminating 
projectiles). These trade-off* are discussed in de- 
tail in the body of this handbook. 

In moKt of the dineuaiions in this handbook it 
will be tacitly aa s um a d that the designer is given 
the projectile diameter and the eharueterwtaea of 
the gun from which it ia to be find, ie, upper 
limits, on chamber pressure. «■■!« energy and 
music m o m entu m have been rtshlishtd by the 
gun designer. Occasionally, but not often, the pro- 
jtetile designer may he able to specify the twist of 
the rifling. If the designer is equipped to make 
correct design decisions for any one ealibsr, he will 
he aMe to cope with the problem of cbocaing an 
optimum caliber for a gives mimaau, that 

problem arise. 


t 
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CHAPTIS 2 

TRADE-OFFS 




3 — L GXnXAL 

If the solution of i tradeoff protest is ex- 
prvased in numbers, sa intelligent eomproeiae be- 
tw een eoafhetiag goalc esa saly ho rsucfcsd when 
the cost of falling short of «odi gaol oaa he ex- 
pressed is number*. Furthermore, these penalty 
•ambers aiaot he m the same sy st e m. L*., they 
mast be capable of being added or multiplied to- 
gether to grra a sign Kraut amber. 

One aarfal caaeept, h srrortd from era— mieo. 
is that of “ utility e x p t e a se d as a somber which 
lias between aero, standing far uaebm, and amity, 
st andi n g for auiaos usefulness attainable in the 
ghren aitoation. If the atility of each e le men t of a 
situation can he competed, the utility of the 0 rer- 
an situation can he found by multiplying, or. 
in sonar aaaaa, adding, the utilities of the elements. 
(The asm may he divided by the number at eeat- 

mhf h te he re ts s n s d ) 

In aider la e— strait the ewram which ex pram 
the atilities of the oa rl ias eta— of projectile 
perform— so, tho dseigner moot obtain, from the 
agr—y rapoonkh for drflatng tho military ragwho- 
msa t, atatomen t a shawl the rvUSrrt oalna i of wsr- 
hoada of dilinwt vatamao far the purpaam, and at 
the nwg— parti— ta tho aWn of tho pro- 

the aoefalamo of iwctoaaad rungs, dam tee 

of light, and — proved aseovn ey. While the state- 

“owe— stand * h*Ue rndnottem warhaad vutaaT 
hwt a 8P% tod— tes wwdd he anaesoptaMs,’' <w 



utility eurvta. The designer ahouU diacoos the 
utility curves with the eonstmoer before proceed- 
ing with the donga; acme clarification of design 
objectives is likely U result. BxampUa of trade- 
off are given haiow. 


3—2. DICXXASZD RAJTOF VS WAJtXXAU 

Touna 


3 — 2.1 Utility of Standard Projectile teamed 
l«aa 1 ta Zara far Si— datd laago 

da— ■a mp in, sap— vs that the pee h i— is th- 
design of a racket assist H projectile ta ha Ire 
.from an existing gun. Range is increased by tho 
addition of rochet fuel ; hom o vor, tho overall length 
of the projectile is limited by stability or handling 
mandsratinaa. sa that sa the amount of rochet fuel 
is iorrmsii. the volume of the war h e ad , and there 
fare its lethality. » deeroaas d Tbs dsoigusr eaa 
i am p u l s the trade eff euros of range vs warhead 
volume, and St this curve with a simple algebraic 
sxpromson. Per msmplo, the euros might ha at 
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Hm X m *ad n p r oow t the rup aad 
warhead volume, wa pectively. of the ataadard pro- 
jectile 4rod from the (Wes fu*- The deeifn prob- 
lem io to iaereaae the raage ohove X rt without 
earritei^ “too »aeh” warhead volume. TV 
eqaatina for the earve ahowa would V: 


of taafe ueefulneae approaches *ro aa the 
approaches the upper limit 


X - X^ 


-l.o r 


7m VST 

tV f ra ctiou s by symbol*-. 


- 1 . 1 - it 

S »|- 1 •— j— 


- X-Xm. 

*“ r^i- - 



» FW 




On the 


that the utility at the < 

to the product of the 



that the utility of tU 


km than at 

U., OamQ. 

that any raucotytuc 


la of htfomrt, aad that tV rate of 


>-U UtQtty of 

l^aalta Tfafcyfcr 

If It ahouU V thaoci 

to odd 

la thiooaat 


to #w 
utility of om, 
to «■! tha 
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2—3. TABULATIOB OF POSSIBLE tkads- 

offs 

Design changes which increase accuracy m» 
ti«Ms tet na e mure; ran** and accuracy aught 
both be improved by inc r e as ing the coat of manu- 
facturing the round. The trade-off method oat- 
lined above can be oaefal ia tkeae aad similar aitna- 
tioaa 

Kssy different trade-off situations are me*- 
ti ooe d ia the fiaeiwrione in thia hand booh. For ex- 
ample: 


and the best eemproaaiw lies at ff = 6.10, where 
C = 1A8, and X =r 1.67 X<«. The laoahast utility 
of the standard projectile beia* 1.0 by tka cri- 
terion, we have aa estimate of the jerry ear in use- 
fulness gained by going to the roehet-aansted pro- 
jectile, rix., 58%. 

7—9J Csmpartaeo of tomb for Dtfltty Sgual to 
Zero aad Otflity Xgaal to Unity 

Ia oar rumples it does not make maeh dif- 
ference which criterion mr use, h oweve r , this will 
not always be the ease. !a general, it sea be aaid 
that the nae of the additive criterion photo the 
optimum at the point where the earn of the aiopee 
a f the atility caress ■ aero. Ia the mnl ti plicatr ri 
aidei each atop e is multiplied by ths pes dnct § f 
the other stilitiee hefvee hem* aarnomd to mm 
After lee e tia* the srso of optimum ulatiiae. Urn 
Baal solution will he p inp oi nt ed only by earn 
mdcrstiiae of aeenwacy, time if Bight, cad hgfctic*. 


a. Cau poring time fo- aeearaey af 
ia trajectory rales latinos. 
h Warhead volume for abort time-of -flight by 
aw of a sa br al ib er projectile, 
e. Bange or tiasc-of-flight for aeearaey where 
improved stability may he obtained by em- 
ploy mg a high drag crmflgu ration, 
d. Warhead volume for range or tiam-sf -flight 
by boattaiGaff. or by hagthsaiag the oghro. 
Unfortunately, in mating range usually di- 
niniahea the nrwfulaam of even aa andimin- 
iabad smrhaad by jamming tbs Jiapirmm 
(in meters) tx the target, 
a. Drag for manafhetnriag east ia the choice af 
flapradk. 

1 Bangs er tmamof-Bigkt » reduced storage 
aad handling apam in the earn of a ghr 
aaoad round. 

g. Simplicity for warhead volume by utiagfoid- 
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CHAPTER 3 

AERODYNAMIC COEFFICIEHTS 


3—1. GENERAL 

A Urge part of tbit handbook it concerned with 
the interaction* between t projectile and the air 
through which it die*. Frequent nae it made of the 
fact that many aspect* of thia interaction are in- 
dependent of which of the two, projectile or air, it 
actually moving; their relative velocity it the 
significant quantity. The basic characteristics of 
the flow of a fluid, such aa air, around a body are 
described in Foundations of A e r o d y namics by 
Kurt he and Schetser, and in Pkytieol Principles 
of Veehoniet and Acoustics by Pohl, which pre- 
sent many interesting drawings and p h otogra ph s 
of tSe flow of Saida, using dye or reflecting ~Jrti- 
elss to asks the motion visible. The Bibliography 
at the end of thin handbook lists thaae and other 
books on aera dy naaase theory. 

3—3. BODY AJOODTVAXICS 

A project de flying throug h the ait mates 
rsrteaes, tnr bn lea s e and, if its speed is uflleiently 
gnat, shock wares in the air. Roth the air and the 
prajcetile are heated. The energy content of these 
motions is supplied by thr kinetic energy of the 
projectile, and thia transfer of energy implies a 
force, or force system, between the air and the 
projectile. Thia force system may be analyzed into 
components which produce ehangit in the linear 
and angular velocities associated with each of the 
three orthogonal axes which may be rhoeen as a 
coordinate system for the description of the motion 
of thr projeetiU. 

5 1.1 Cwriisftto lytta 

The taardinatr */*Sem employed in this head- 
M. Figure 14, far d v c tri b ia g the farm and 


momenta acting on a projectile has its origia at the 
center of gravity (eg.) of the projectile its X-axis 
pointing in the direction of the tangent to the 
trajectory (note that this direction changes as the 
projsctile moves along the trajectory) and its Y- 
aad Z-axca in a plana normal n tbs X-axis. The 
Y-axis is horiaontal; the 2rO*m is normal to the 
other two. 



Many dtSanot coordinate sy e taam are employud 
by writers oa projaatilr aa n dy a a mi ea, the shams 
of a system being influe nc e d by coat ef develop 
meat of the mat h earn ti c s involved. However, nearly 
all of them sys te m s agm in having the origin si 
tbs eeatvr a t gravity of the pmjaatil* woes the 
motion ad • body son always ha r es ol ved into 
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translation cf. iuii! filiation about, it* wntir of 
gravity. 

3— Taw 

Tb« aerodynamic form arr functions of the 
attitude of the projectile with respect to the di- 
rection of motiou of the e.g. relative to the sur- 
roundinit air. If there is no wind, this direction of 
relative motion is along the tangent to the tra- 
jectory. (Since wind velocities are small compared 
with projectile velocities, wind effects are usually 
introduced as corrections.) Yaw is defined as the 
angle between the tangent to the trajectory and 
thr direction of the longitudinal axis of the pro- 
jectile. Thix angle varies continuously throughout 
the Night, rapidly at first, hut, in a well behaved 
projectile, les* rapidly an time goes on; spin- 
stabilised projectiles should quirt down to a nearly 
rauatant yaw, called the yaw of repoee, while 
thr yaw of fin-stabilised projectiles should damp 
to very small values. In mathematical analyses, the 
position of the projectile axis is usually projected 
onto the Y, Z-plane. giving a horizontal and a 
‘'vertical" component of yaw. These components 
arc related to the yaw by the cosine and sine of the 
yaw orientation angle, and are usually handUd 
mathematically by the use of complex numbers. 

3-13 Carter of Trmmn , 

The aerodynamic forma am a pro jeetde are de- 
termined by the pressure diet ribul »« 'Which exists 
aver the whole exterior surface, hut ia order to 
simplify the aiiaen w w mt and mathematical ma- 
nipulation of (hear form, we ileal only with a 
qerifcil art of the resultants of the distributed 
forrea. These resultants have a magnitude ami 
direction, and aim a point of application on the 
body, ie., a point through which the resultant acts. 
Tkia point, called the center of pr ims r e (e.p.) of 
the force in question, is imomril to lie in the longi- 
tudinal axis of the pro j ectile, but its position on 
that axis depends ou the rtapeef tbc projectile, Ha 
t h u H (Mach somber), axial *nx rata, and, 
aulas I matslj. ametiama an the msguitadi af the 

lx this handheek, thr emtrr of pt m uri of the 
MU hwu ia mourn 1 1 ta ha ixdspeudert af yaw 
aagfir; tUa ia made pemMe by nailfrriag mtiy 


"liinar" projectile behavior in which the yaw 
seldom exceeds ID*. One purpom- of good design is 
to keep the yaw well below this figure; not grra*er 
than i>*. However, the center of pressure of the 
magnux forces can move an appreciable distance 
when the yaw angte changes sa much sa 10*. and 
some attempt to describe the effects of this e.p. 
movement will be made. 

3—3. AERODYNAMICS FORCES AND 
MOMENTS 

3—3.1 General 

The (resultant) forces and momenta which are 
significant for projectile design arc ; 

a. Normal fores 

b. Lilt 

e. Drag 

d. Magnus force 

e. Static mom en t 

f. Damping moment 

g. Magnus moment 

h. Roil damping moment 

3— £2 Lift and Drag 

The resultant of the pramura forces on a sym- 
metrical nouapixiuitg projectile lies in the plane 
containing the tangent to the trajectory and the 
longitudinal axis of the projectile, called the “yaw 
plane”; the point on the projectile axis through 
which this resultant pasem ia called the center of 
pressure of the lift or normal fores, since the re- 
sultant may be resolved either into lift and drag 
eomponents, or into normal force and axial drag. 
Lift is parallel to the Y, Z-plane, drag is parallel 
to the X-axis; normal fore* is perpendicular to, 
and axial drag ia ia line with, !b* axis of the 
projectile. lack possible pair of components lies, 
of course, in the yaw plane. 

3— 13. Magana Fan* 

When a projectile ia spixtuag about its longi- 
tudinal axis, the pressure diatributiea eras its mn 
fare m attend aa that the muheat force bo loager 
Ure ia the plane of yaw. The aerody na mic!* tehee 
ear* of this rituatiax by toto a duei ag a taeoe eom- 
peasul aormal to the yaw pleas, together with Mb 
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associated moment. Thia force, colled the "magnua 
force”, is also perpendicular to the longitudinal 
axis of the projectile, and passes through its own 
center of pressure. Vector subtraction of the 
magnus force from the total force on the projectile 
leases a force in the yaw plane, which eon he re- 
solved into lift and drag. 

3—3.4 Static Moment 

The static moment is the product of the normal 
force and the distance between its e.p. and the eg. 
of the projectile, which is considered positive when 
the c.p. is forward of the eg. as it practically al- 
ways is for spin -stabilized projectiles. The axis of 
this moment is a transverse axis through the eg., 
normal to the yaw plane. Pin -stabilized projectiles 
have the e.p. aft of the eg., to that the static 
moment opposes an increase in yaw (in normal 
flight), and can be called a “restoring moment”. 


3 — US Damping Moment 

When the yaw of the projectile is changing, 
the swinging of the projectile about its eg. changes 
the pressure distribution so as to produce a couple 
about an axis through the eg. normal to the plane 
of the yawing velocity (which is not necessarily the 
plane of yaw). This couple, ealled the "damping 
moment ”, usually nppsam the yawing velocity. 


The magnus forte produces a moment about an 
axis through the eg. parallel to the normal force. 
This magnus moment changes the yawing velocity 
in a way srhieh depends on the location of the center 
of prtomre of the magnus force, tad on its direc- 
tion. The magnus force and moment are s result of 
stunning the projectile, and are absent on s non- 
rotating projectile; however, even An-stabilized 
projectiles may have spin. 


3—3.7 Boa Damping Moment 

The roll damping m o m ent is a eoupte shoot the 
kngttudinal axis of the projectile; this moment 
on a op in n i ng body in rotated to tbs friction be- 


tween projectile and sir. Fins produce large roll 
damping momenta owing to the angle of attack 
induced by spin. 

3—1 FORCE AXD MOMENT COEFFICIENTS 

It has been found that the aerodynamic forces 
and the static moment ore proportional to the 
dimensions of the projectile, to the dynamic proa- 
sure of the air, and to the yaw of the projectile. 
The three momenta arising from rotations am also 
proportional to their appropriate angular veloci- 
ties. The foe tors of proportionality are known m 
"aerodynamic coefficients”. They are not constant 
for a given projectile, bat ore thommlvm functions 
of Mach number, Reynolds number, spin rota, and 
yaw. A brief discussion of the form and mnmsat 
coefficients follows. For a more complete rtiarng 
sion of the aerodynamic forces and momenta am 
Murphy, Tbs Fro* Plight Mat son of gymmetwe 
MistiUt, Ref. 12a. 

3 — 11 Aerodynamic Form Cuaffidoata 

The most significant of the aerodynamic fores 
coefficients are defined m follows; where 

is the dynamic pressure, 8 = ^ d* it the frontal 
arm of the projectile, and a is the yaw in radio—: 


r m N 

o sc air density, slng/ft* 

F ~ spued of projesOu rei- 

_ L 

stive to sir, ft/am 

Ctm & 

p = roll rate, nd/am 

n 

4 ss maximum body diaro- 

" *s 

star of projsetila, ft 

K = normal fores, lk 

Cm - *, 

L — lif, lb 


D = drag, lb 

N, = magnoa fores 

All of them eosffii 

dents am expected to be hum- 


tions of the yaw angle, a. For email anglm (• < 
0.17 radian), all, except Co, can he nmumad to vary 
linearly with yew ; thio loads to the um of the elope 
of the earn of we efficient varum yaw angle an a 

of the projectile. Using toe subscript s, to denote 
a derivative with raped to a, we tan writs: 
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iir-g:,s«-G,.flS« 

f, - gi qS« - Ct. qSa 

|)n| varies with the square of the yaw, eo we 
write 

D - (Cp, + Cpjf) 9S 

where Cp, ia the drag eoeffleknt at aero yaw and 
C V * the rate of change of Cp with a 1 . 


3— <2 Mammt Ceaffid aut a aad Mameata 

The momenta produced by the aerodynamic 
focee a an referred to the center of gravity of the 
projectile, unlee* otherwise stated. The moment 
eoefleienta, in the terminology of this h a ndbook , 
are derivatives with 1 a sp e ct to yaw, or with napeet 
to appropriate angular veloeitica. 


ity about that axis, is sero; Le., the total angular 
velocity about the horisoetal axje is q + i. q arises 
from the curvature of the trajectory. Therefore, in 
coefficient form 

[c*.« + 

The first term of the expansion is the static sKsnent, 
the next two are the damping moments, and the 
last term is the amgnns moment (Note tha each 
term inside the brackets moat be multiplied by 

ttaV*** 

to obtain the moment.) 

3— <2.3 !(„ Usman t Ahsat Vertical Asa 

If,, the aerodyaamie moment about the “verti- 
eal” axis through the tg., ia obtained by a eimilar 
expansion, in ter cha nging a aad 5 , substituting f 
for s, and r for q, where r 4 - j is the angular ve- 
locity about the s-axm 


3— <2.1 Moment Coefficient. 

These coefficients are defined ae follows: 



3—42.4 M,, Mem see Aheut Longitudinal Axk 

The aarodynamie moment about the leogitadinal 
axis of the projectile ia, in the abaenee of a spin- 
inducing torque each aa might be provided by 
canted fine, simply 

*.-***«(£) 

and Ci, ia sailed Aa roll damping m e m wit co- 
efficient. The dimenwonlem ratio pd/V which ap- 
pears above ia often designated by a, the spin is 
radians per caliber. 


> 


3— <2-2 My. Kemant Abeut Hecfaeuta' AA 
The total mome n t about a hsrisoutol axis 
through tbs c.g. ia given by 





about the bertacwtal axis when d, the yawing velee- 


3— <2A SalatietoMp Bstuuua BaUtotk aad 
Aerady— it Syetoms rf ‘Tt-Ti't-H 

The earlier week in this ana uma a ayatam of 
ooefficiects within which pV* tehee tbs ptaee of the 
dynamic prwesn, aad # taken the pleas of t^e 
frontal area. This system is, of some, dimaneioo- 
ally eorreet It was the eystam oaed in AMCP 706- 
Ul, Ingin ee ri ng Dawgn Handbook, tmmnaHtao 
Series, d e cri es 3, Desi gn far Central tf flight 
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• Urge amount of wind tunnel data obtained by 
arruilynamiciiitN. 

The ballwtie notation will la* around for a lung 
tiuu*, ho it ix ii»ie#7 fo know that eoefllrirritx 
in the ballixtie xystrm (which are uaually denoted 
by tho capita! letter K with a wiborript) ran be 
converted into the corresponding aerodynamir 
coefficient dope* (or directly into thoae coefficient* 
which are not function* of yaw) by multiplying the 

ballistic system coefficient by 8/x, eg., C*. - 1 Km . 
For example, 

N -Or. « - £*^V*<f»jnn« 

When sin a •* «, Ci r. - | Kh by cancellation. 

h should be noted that for Ciy C*, + , 

<1 

and Cuy. the multiplier is - 2. (Some authors 

use - i?aa a multiplier, since they use 27 as the 

denominator of their spin terms, eg., pd/27 in- 
stead of yd/V.) 

3— 4J Cemplsx Taw 

In the foregoing diaeussion, for the sake of 
simplicity, the symbol * was used for yaw angle. 
In the notation of Ref. 12a, « is the component of 
the yaw angle in the “vertical” direction ; the com- 
ponent in the horizontal direction is 0, and the 
total yaw angle, 8, is given by 

> = 0 + «« 

where the orientation of the yaw is tan ' *. 

e 

The aero dy namic coefficient slopes, or “aero- 
dynamic derivatives”, can be defined in terms of • 
because of the rotational symmetry of a projectile; 
their values can be derived from measurements 
made on a model which is given a yaw in one plane, 
identified aa the a-plane. (See MeShaae, Kelley sad 
Reno, Mxteritr BsUifHct, Ref. 7.) 

3—4A Magnus Moment Sign Convention 

If the projectile is viewed from the front, 0 
io poejtiye to tho right and a is positive upward. 
▲ project*!* with rightband spin (eounter-eioek- 
wias rhea looking from tho front) experiences a 
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magtiua force downward when 0 in punitive. If the 
ecu ter of p mature of thi* maguiw force in aft of the 
e.g. uf the projectile, then the magnue moment is 
positive since it adds to the static moment produced 
by positive a and ( ; u a . In the study of the effect 
of c.g. position on the aerodynamic properties of the 
A-N spinner (Ref. 49), it will be seen that Cu^ 
increases as the eg. moves forward. 

3—5. METHODS OF MEASURING THF 
COEFFICIEHTS 

3 — 5.1 Goasral 

In order to be able to predict the performance 
of a proposed design, a good bit must be known 
about the probable pattern of the air flow over the 
projectile in flight. This air flow is mathematically 
described by the aerodynamic coefficients, so these 
must be measured or estimated. E s tim a tion , by 
methods referred to below, is adequate in the pre- 
liminary design stages; however, if the coefficients 
are not well establ i shed before prototype rounds 
are manufactured, the designs’ runs a great risk 
of a totally unacceptable performance when the 
first test firings are made. Furthermore, the proceae 
of maximising one desirable characteristic, such 
aa lethality, which involves reducing other per- 
formance characteristics, such aa stability, to their 
minimum acceptable values can not be intelligent? 
earned out if the principal aerodynamic eoafleienta 
are not known to a close approximation 

3—12 Methods of Me asur eme n t 

Two methods are in common use for tho measure- 
ment of coefficients, both of which yield values 
which are adequate to permit confident design 
compromises. That is, they yield not only sufficient- 
ly accurate values of the co e ffi cien ts of the design 
being tested, but also good e etimit e e of the changes 
in thorn coefficient* which would result from small 
changes in the design. The two methods art: 

a. Ballistic range tenting 

b. Wind tunnel tinting 

Tbs method chosen in a particular earn may 
depend on the technical considerations tinted be- 


/ 



U 
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km; if not, it depends on factors of time end cost. 
Major considerations are the availability of the 
range or the tunnel, and the speed with which the 
necessary data reduction can be performed at the 
available facility because costs are usually not 
widely different 

Estimated ac c uracy of aerodynamic coefficients 
obtained by ballistic range and wind tunnel teats 
is shown in Table 3-1. 

3 — S3 Factors to to C wM stid to Selection cf 
Method 

The conditions and objectives of the test should 
to thoroughly discussed with personnel of the 
facility chosen before any work t» started on test 
models or prototypes. However, to assist the de- 
signer in the preliminary discussion, significant 
differ en ces between the two methods of testing are 
dsserihed below. 

3— 5.3.1 Free Flight (feUtte Kangs) 

a. Good control of Maeb number, velocity, 
temperature, and ynssuue. 

b. Little control of mod;! attitude. 

e_ Model moat be statically or gyroaeopieally 

lUble. 


g. Data reduction is simple. 

h. Models usually reduced in aiac. 

i. Reynolds number can be varied by varying 
tunnel pr essur e (it may not be possible to test 
at free-flight Reynolds number). 

3 — 5.4 Data Baauittag from BaKktfc Saags Tests 

For a test of tha type a projectile is manu- 
factured in accordance with the preliminary design 
drawings; if length or diameter is too gnat, a 
geometrically sealed model with a proper mass 
distribution may to made. The pro jee tile is fired 
along s nearly flat trajectory in a suitably instru- 
mented building. For a description of such a range, 
its instrumentation and method of operation, see 
Ballistic Research Laboratories Report 1044 (Ref. 
13). (The U.8. Army Ballistic Research Labora- 
tories at Aberdeen Proving Ground, Maryland, will 
be hereinafter referred to by the initials BRL.) 
The designer should ha familiar with the capabili- 
ties of BRL, as this installation can be of major 
assistance to him in any design problem. 

As the projectile flies ilcmg the instrumented 
range, a number of parameters of its motion are 
very carefully me asur ed at aureeaaive stations along 
the range. They an 


d. No strut to interfere with toot flow, 
a. Oat teat oovoea a range of Mach numbers. 

L Data obtained from shadowgraphs, photo- 
graphs, and yaw cards, with the possibility of 

g. Dots reduction is complicated. 

h. Models usually full scale. 

L Reynolds number eon bo varied by varying 
aodel yiff_ 


3-5JJ Wind Tanas! 


a. Kxeellent control of Mach number, velocity, 
temperature, and pressures, 
h. Kxeellent centre! of mods! attitude, 
a. Ova obtain data oa both stable tad ; — table 


d. Model support may totsrfero with bm 
a Only one Mach number par tank 
L Data obtained from fore* and moment bel- 
, prsmnre taps, tch Berra photographs or 


a. Vsloeity 
h. Roll rata 
e. Yaw sngl* 

d. Taw orients tiaa 

e. Swerving motioa 


From the poshisu ver su s time (velocity) data, 
the deeeleratioc of tha projeetile sen be inferred. 
Knowing the mam and diameter of the projeetile, 
and having o b serve d tha currant vetoes of tore- 
mstrie pressure, temperature, and humidity ; w* are 
this to compute to* dug aad drag oosft am a t , C*. 
Repeat firings at the mao velocity can girt tha 
variation of C» with yaw angle (squared), aad seta 
of firings at differeat mosaic vah niti m will give 
the variation of C» with Mach number. If the pro- 
jectile is rocket smtol, test firings with rcoket 
ignition will give nst thrust 

All of the assflriwta toSsd stove son to da- 
termtoed to a toBtofa nags, sxaspt toot C* f 
aad Cai are always dtawmtoad as a mm. The 
ya w in g ftogasaato aad the dam ping are d ato r- 
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TABLE 3—1 

ESTIMATES ACCURACY OF AERODYNAMIC COEFFICIENTS 
OBTAINED BY BALLISTIC RANGE AND WIND TUNNEL TESTS 


Ccrfieirnt 

KeRmaled Maximum Error* ia Percent 

Bathetic Range 

Wind Tunnel 

Co 

Drag 

± 0.5 

± 2. 

Cl. 

Lift 

± 5, 

± 1. 

Cm. 

Static*, moment 

± 2. 

± 1. 

Cm , + Cm-. 

Damping moment 

±10. 

±10. 

Cm „ 

Magnus moment 

±15. 

±10. 

G, 

Roil damping moment 

± 1. 

± 1. 

c.p.*«.g. 

* Separation 

± .lOcal 

± 0.10 cal 

C »p. 

Magnus force 

±25 

±13 


'Maximum rrror equals 3 ntd. deviations 


mined early in the process of the reduction of the 
data, and indeed the dynamic stability of the 
projectile at various Mach numbers can be directly 
observed. Dynamic instability may be catastrophi- 
cally apparent; observation of the projectile in a 
free flight condition is.one of the major advantages 
of testing in a ballistic range. If it is desired to 
assess tbs effects of varying initial roll rate, this 
m«y be accomplished if suitable gun tubes are 
available. Usually, however, the designer does not 
have roll rate at his disposal because even if the 
projectile is not designed to fit an existing gun, 
rotating band strength or tub* wear usually puts 
a limit on the allowable spin rate. 

^ Coefficients of typical projectiles, determined in 
a ballistic range, with estimates of their accuracy, 
are given in Table 3-2, and in the Aerodynamic 
Data Sheets, Appendixes VIII-A through VIII-Z. 
A list of the ballistic ranges in North America 
which are usually used for projectile testing ap- 
pear* in Table 3-3. 

3—15 Data NamOttag frsm Wild Taanal Tests 
A test of this type is usually madfe on scaled 
mad sis having the exterior configuration of the 


projectile's preliminary design. The interior of the 
model is hollow aod contains suitable provisions for 
mounting the model on a sting or strut which in 
turn it supported by a structure attached to a 
stationary portion of the wind tunnel. If the 
model ia to spin, the internal provisions include 
bearings and often a drive motor. Internal strain 
gage balances are generally used to massnre the 
aerodynamic forces and momenta. 

All of the aerodynamic coefficient* previously 
discussed can be determined in wind tunnel tarts. 
C* f and Ca; can be determined separately if 
desired. 'Very accurate determinations can be ssada 
if the need for such accuracy justifies the eost 

Coefficients of a typical projectile, determined 
in a tunnel, with estimates of their accuracy, are 
given in Appendix VII1-Y. ^ 


3—16 Tart FadUtfaa 

A partial lkt of ballistic ranges and wind tun- 
nels ia North America which are suitable for artil- 
lery projectile model testing appears ia Table 34 
sad Table 3-4, respe c tively. 
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TABLE 3—2 

COEFFICIENTS OF TYPICAL PUOJECTILES MEASURED Of FREE 
FLIGHT AND ESTIMATED 



Identification: 

■ 105-mm Ml 

Cjm-CyUnder 

7-Col A-N Spinner 

Cm. (peak value) 

0.40 ±. 01 

0.41 ±0.01 

0.46 ±.01 

Cooetanta fa 

1.54 

1.52 

1.50 

in Q function fb 

0.22 

0.20 

0.25 

(See par. 4-7.7. 1) (c 

.2.70 

2.50 

2.00 

Range of validity 

l.l£tt£2.5 

l.2£Jf:I3.2 

l.l£Jf£2.6 

C»,« (avg) 

6.0 

7.0 

8.0 

Coefidenlt at It - 1.3: determined by free flight measurement* 



Cr. 

2.3±0.2\ 

2.6±0.1 

2.05±0.15 

c.p. (eaL from base) 

3.45±0E 

2.7±0.1 

5. 4 ±0.1 

e«. (eaL from base) 

1.75 

1.05 

2.05 

Cm. 

3.9±0.1 

2.75±0.06 

6.2±0.05 

Cm, + Cm. 

-7±r 

-9 

—20 ±0.5 

C "~ 

0.08±0.06 

0.25 

0.40± .08 




— 0.19± 001 

Coefficient* at it - 1 .3: estimated by Simmons- Wood methods 


• 


2.40 

2.80 

2.80 

op. (oaL from beat) 

3.10 

2.00 

4.00 

Cm. 

3.25 

2.05 

; 5.40 


3—6. M ETHOD S OF ZSTHMTUC THE 
COEFFICIENTS 

Sine* it fa wasteful to coastraet a pro jet tile or 
prejeetOe modal tor ruga or wind tannal toot 
whieh has no dunes of soeeem, aad whieh may even 


destroy walk or iMtrawentitioM a I the belHetif 
range when fired, it is nereeeery to sake prelimi- 
nary eetimatee of the prineipal aer o dy na m ic eo- 
efflefa n ta before fating. The methode of — 
auek eetimatee an given in the bet of reporta, Table 


M 
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TABLS 

PARTIAL US T OT BALLISTIC TSST RASGSS II SORTS AMERICA 


I— 

ktfmtmet 

Cmmmt 

B*il«t« ff—fHi UturUcm 

Aberdeen Prcmnf Gro— d 

Maryiaad 

Ref. 1ft 

BRJL Report 1M8, 

W. Braun 

Two rues*. 

Projectiles up to 8 
i aches max. diameter 

Naval Ordaoare Laboratory 

WliU Oat, Msrykad 

NAVORD 4063 

Three ranjjre, two 
prsaaunaed 

NASA A am K mrch Cm 

MoAett Fwid, Cakferare 

NACA Report 1222 

Sesaralraape 

Canxfcaa Aimmi Ratuth nod 

Devdopaft KaabtaAreeat 

Quebec City, Cm»A 

CmsAsk life 
--irffrrf r rwiaf. 

May 1966 



Urrma. 


TAILS J— ♦ 

PARTIAL LIST Of WHD TUISXLS IS SORT* AMERICA* 
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TABLE 3 — 5 

LIST OE BSPOETS COST AUTTH G METHODS OF SSTDCATIBG 
COEFFICIEXTS 


Qneabty 


Cwmete 

Cm. 

and 

Cm. 

8tmmocw (Ref. SO) 

Hitchcock (Ref. 81) 

Wood (Ref. 21) 

Kelly (Ref. 1«) 

Not readily available 
' limited mage of uaaf alnew 

Baaed on Simmon; need in this handbook 
(See Append III-A) 

Cm. + Cm. 

Hitebeoefc (Ref. 811 

Conventional wan aUbflined proicctilca 
of length L 

0., + c.i- m(5) u 
( fairly good ?vr 8 < L < 5) 

d 

Reproduced ia Murphy and 8ehmidt 
(Ref. 48) 


Donaaee (Ref. 15) 

C *p- 

Martin (Ref. 40) 

Ke&y (Ref. 39) 

See alao Ref. 49 


U. Siapk talrvltti— a are Am i> the Ap- 

Tkat trta J i an fewUaaUDy bawd oa am 
irttrpilnw ef date frost very many wind tunnel 
tad bellietie raafo teeta of a wkW variety of 
ptjRtilr ahcpea. Uat la made of liaaar nero- 
dyaaaue theory ia o avo tn a etin f fomalaa for acr- 
larauac the i ai ir y i l a t iw w . Whale Aw famalao 
Awld at aamna aot be need far ahapaa which lie 


ovtaade of tba range of the date oa vbieb they an 
baaed, it nay be aeeeaaary to oat then for aaaaaal 
ahapee when no other nethod of aa tin a t ion ia 
available. 8neh abapae ahoold be taated in a wv * 
tunnel ; naat balliatie ranee opera ton would ref 
to Are then, 

Satina tad eoeAeteata of typical projeetik 

ahapaa, far ana p a ri eia with valaea obtaiaad in 
balliatie mage laete, nre p re wn t ad in Table U. 
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CHAPTER 4 

TRAJECTORY CALCULATIONS 


4—1. GSRRAL 

TV psrpoa i o f a caleaUtiaa of o trajectory, 
tbe nm is opser traced by tbe eeater a f gravity 
of the projectile, it nasally tbe prediction of tbe ex- 
pected pant of iaepoet of tbe projectile, wbea fired 
at a fives naab edacity sad gaorfroat eirauoe 
alasf eritb tbe predietioa «f — oristrif gaaatitin 
aseb m tim of flight, aagte of fall, aad edacity at 
iatpart. Botarnrara tbe nage a atatad, aad tbe 
parpraa of the oalenlatiaa ia to find the fofoopoad- 
iag ■aide edac ity aad /or gaadraat ilntliia ; tbe 
three collateral Qaoatitioo are atilt of iemeL Or 
tfca trajectory soy hr a froaad lo-ar- type, aa 
far aa aataairesaft projectile, for erhiefi oiriam 
ahitade. tirae to reach a pi e c e oltitsir, aad tra- 
jectory car e ata rc arc !■ pacta at rami’*. 


4 - 2 . DOTEREBTIAL COXmCXXHTS OS 
UWinW I T FACTORS 
Oat caa. by e ai yiag tbe mpata to tbe trajectory 

pde tbo change a rapirtif ra sg a . brat of flight, or 
other gaaatitir of storm, aasard by a mall choagv 
is rsch raped poraraotor The prre r st abiogr is 
rsago (or oOhor ostpst gaaabty) p rs dsa o d by a 
1% cboagr ia aa raped par a ra o tor ia aallad by aarar 
wriicra a ‘•d itf i r aat i i l c a if fcies f . by othon a 
"an Minty footer. " The fatten an did crest far 
aarb d asga. aa aefl aa far ddfcnat wtoreakof the 
eel u se of tbe ispst panrartrn. erbich m vhy they 
aos bo dotorraiaod by aaaO p mar h a t i oao oad tbe 
partita lor ait of oialitn aa far e^irh tbry an 
esbd raaat ha dated A raraptr ad of raaa di e i t y 
fladeoa far a ledrurasal pra j a atil a find far 


4—3. DIGITAL COMPOTES PROGRAMS FOR 
TRAJECTORY CALCULATIOBS 

laa— Mo trajectory aaleslatiesa ban baas 
■ado, aad on atiU borag raada, for the prod nettop 
of firisg tables Up to tha ad east aad geaaral 
odopti-n of tbe high apeed digital eorapoter, tboar 
caleulatiaaa wen perforraad by appresiaute raoth 
adi ahiik era ployed a e or a go or edfoeber edara of 
tha drag seSadt Tha aarioaa sdhido awe 
aaawd for tbeir d o vo l op on, tbo done Coarauosas, 
8iaod, one Mayoeohi araosg others Th otoaratboda 
an obll aocfml for raped oornaiiioao of tbo ofloeS of 
eanrtioor ia pro joetilo dope, raatafa velocity aad 
quadrant dteeboa «a range aad tim of flight TW 
aifiraory eboits oad tib lo^ eritb direct toao for 
tbeir ara, an pees ia AMCP 70*440 (Ref. 97). 
Digital eon pater program fall into tea rlorara, 



4—3.1 Srapta Particle Trajectory 

TW r alo li eo ly oiaipJr partinli trajoctory pm 
gran aararaw that the oily form oa tbe pro- 
jectile on gravity, drag; aad, if p norat, tbroat 
TW b iriraa tal aad vortical irailmfinra dw to 
tboar fo r m are ooraputod at ramose* potato ia 
Use, aad tbo raonlting b or io o a tal aad eartml 
ampoaaata of tbr pejatibb velocity aad pedtiio 
an o o rapatod for oacb tirao paiat If tbo tirae ia- 
■real m oarall raoag b . tbo ssalotiaa of tbo tra- 
jectory oaa ho eery good. With a brae mores! 
of O S mud, tbo tim repaired to oiraalalo a 
typical tra j ec to r y oa aa IBM 1*90 e mpat or oa 
•hast toa tiraoi tbe tim of flight of tW pnjoctilr 
hdag draaltood. Thae naaitod la aa a ra — * 
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aim"latiou better than 1%, assuming that the draft 
eoeAcieai «m used averaged within 2% of the 
tint C, at all Mach numbers traversed. If do eom- 
putsUoc of yaw is node, C a , . the exile drag co- 
efficient, is the coefficient need. Since projectile 
velocity and attitude are knows at each tune poin t . 
Mach number is always available for entering a 
stored table of C». vs JIaeh ■ umber. 

The particle trajectory is very aarful in com- 
peting trade-offs of range. time of flight, aad 
lethality, partienlarty a ease of a rochet saiited 
projectile. Sxtenaioaa of the program to com- 
pete muzzle v el o cit y aadrr the limitation on 
massls e ne rg y aad musate meeneataas, aad thea the 
maxima*: set hark acce l era tion, raa farther aubc 
attc the donga proesss 


4-4J Ib-Pu m o f > mla Particle Tiajwaary 
The aim-degiee-of-frasdosu system is irldnm 
ended far anything Metier than the stairs test of 
aa IBM 704. This p e o gr om computes the poo it io u 
aad velocity of the projectile relative to all three 
axes ef the coordinate ayateai(s) dare, as weQ aa 
the pertinent angles aad aagnlar wlodtA All of 
the aerodynamic iiidnab ran he anal tab hough 
many aaeiad order terms are aaaally left oat), aad 
the r matting simakrira af the trajectory is aara- 



If tall rata, C, p aad thr varttku af Cm. with 
Mach mmU were ia rta di d m thr particle tra- 
jartsey program, than either p r o g ra m me ld eou- 
t k aueu a iy chock the g y r s m ops i aahility af the 
p ea jm ti h aad calm late the yaw af r e paar, The mz- 
dagraaaf-froedaaa ayvtom maid aha natiaaaaalj 
ahaah the dyanmia alahilifv of the projectile. 


MJ trample of Mmyta Pnrtkk Trajeotsry 
Cahnlartaa (TOITUI Pragnra) 

The FOBTXAX partkfc trajectory urogram 
pmarali t halow woo wfiatra far a* IBM lOOeam- 
pater with BMW aaMa af meras oy. It will earn- 
pats trajameim of t int aad ^gfc««vr 


rocket-assisted projectiles, either spin- or fln- 
ktabiliaed. and aingle-ctsge rockets. The spin, yaw 
••f repose, and gyroscopic stability computations do 
not allow for the presence of fin cent or noade 
<-ant- 

The limited memory available made it neeeawry 
to read the head mgs for thr output (see Table 4-1 
for a sample output) from cards. Appendix IX 
dntf-ribrx the input cards forming the data deck ; 
the numbers on the input cards describe the pro- 
jectile and its launching environment. Heading 
cards are a part of the data deck and follow the 
nuasrrieal data, except that the first card of the 
data deck idea tides the projectile being processed. 

Aa experienced programaser, or one having 
see m s to a computer having a larger amatory, will 
be able to awht many issprnremeuts ia and ex- 
tensions to the program presented here. For ex- 
ample, this program interpolates linearly ia find- 
ing Cm. or Cm. from the tahiee provided by the 
dote deck; it assy he iiffieolty to represent a given 
enrre sufficiently wad with only nine data points 
Furthermore, while the esta pater will print oat 
i:N8TABLZ whoa 8, is lem than amity, dynamic 
stability malt ha competed by hand. 

A typical autpot prod seed by the program 
given betas ia presented in Table 4-1. Projectile 
data are far the mmpls pmjeetilm amd to illustrate 
the amt hods af mtimsliag gyramapie aUhility 
(Appaadiam I-VII). 

The farm factor ralatiag the drag of the sample 
projectile to that af the 5 iach/&4 Navy projectile 
stored m the ca m pater m em ary was sa<i mated to be 
1.06 aiam the only aigaifieaat diff c rea m ia shape 
ia the shorter ogive of the sample projectile. The 
form tartar relating the atotia msmrat coefficient 
of the sample projeetile to the C M . table stand ia 
amorary was mtimatod to he 1.10, haasfi aa the 
Wjod- B i ri msra mtimali at Ms* 1.7*. 

The lent lime af the u mputar autpot gtvra the 
tiara af Sight ia aara**, the range ia amtora, the 
vela eit y at impost, aa gfe W fn£, aad the ^ia aad 
g ycra m pi i atohsitty faster at impart. The target k 
at thr seres et avaboa aa tht goa (am krai) hi 
thk example, hot say desi r ed target i to va tl ia aaa 
be M with the data. 
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The fandaamotal equations twderying the com- 
puter program p w w t Ud below tit: 

AY- ( V' eoe 8) At 
A2 - (Vaa») Af 

A veragibg techniques we used to improve the ac- 
curacy of the simulation 


4-1 METHOD OF CALCULATIHG 
DIRECTION OF TAEG1KT TO 
TRAJECTORY 

It may be of interest to diaeum the equation uaad 
in the computer program for the calculation of the 
direction of the tangent to the tmjeetory ot the 
ea4«f each tiaw interval. la a particle trajectory, 
where lift and magnua force are neglected aad 
drag ia — aimed to act in line with the velocity 
vector, the only force wriog to change the difae- 
tioa of BMtioa it the weight oi the projectile. 


4—4. DESK COMPUTER METHOD FOR 
TRAJECTORY CALCULATION 

Re ference ia amde to Table 4-2 for the format 
of the deak comput a tion. Note that the eoaditioar, 
6* aad V„ appear ia eotomaa 2 aad 5 ia the drat 
row. Storting with three initial eruditions, we now 
proceed with the ram pntttioa aa'.tUowa: 

a Compote the temainine evtriea ia irat row. 

b. Proceed to aext row : locate C» oa the drag 
carve of the projectile , calculate the drag, D, 
accelerati on. D/ at, where at ia tha projectile 

e. Comp o te : 

(i) , Ptm* 

m *V. Dmm* . 

dt at 



figm 4— I. D i agram of G r avO y Perea oo Prajsdda 

The inertial form, er aeatrifagal force, arming from 
the curvature of the trajectory, ia given by mP*/R. 
whom aa ia the projectile mam aad R ia tha laaal 
radios of earvataia e f tha trajectory. Thia ia 
halaaaed (Figure 4-1) by tha iimpinmt af tha 
peujeeUle weight in tha dinettes of tha radiaa of 
earvataw. a* oao G, m we eaa write 


d. Mailipty tha above devTvativm, dV,/dt aad 
,/di, by tha eorrewUy ahoata tana ia larval 
The raaalte are AF, end AF, ia the third rew. 
r. Compute V, eud V, at the cad of the time 
in t er v a l (they appear ia the feertb row) 
aad am Over ag e velocities evtr the drat tiaae 
interval la rmpute An aad Ae (third rew) 
aad the aew g aad a (fee rtb rew) . 
f . C amp e t a the aew T ham V = yJYJlr tf 


f- 


datarmiar G tram G m too -• r,/V 0i tad am 
• aad aia 0; aad n m p le te tha fourth raw, 
aMa« g/* = rap | -II * 10-»r| aad F, *- 


lilt - 0.004a 

C eu ti am aa 


la 



Bat Y/k ia tha time rata af dagi af the diraatiaa 
of the radius, oad ia there f o r e aim the time rate af 
charge of the direction ef the trajectory taagmt, 
■ace the taageat ia alwaya aormal to tha radim 
vector. Denali eg tha rale af rhaaga of dinothm 
by dG/di, ve hove 



m, aa it appa ar a ia the acmputar pragram, 
AG - - g omfcAl/P 


M 
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TABLE 4 — t 

TYPICAL OUTPUT OP POXTRA* SIMPLE PARTICLE TRAJECTORY 

PROGRAM 

5-IRCH SAMPLE PROJECTILE (SEE APPXXDIX I) 


FFD FFM 
1.050 1.142 
WTO , VO * 

45.08 1925. 

VTB ZO 

45.06 


TYPf RGA RGT O.FT 
5.540 .381 1.030 .4150 

SPIS SIT DTM TWIST OE 

. .0 .400 28.00 45.000 

TEMP DTL DTE COO 2 CLP . 

59. 4.0 .350 5.00 -.014 


.001189 1116.0 


TIME 

THETA 

.00 

.78 

2*55 

$ 

5.85 

.29 

25.72 

;8 

25.12 

':S 

34; 12 
;:8 
% i # .69 

.40 

50;12 


X 

z 


OIST V CO CMA Oft MASS 

THRUST DRAG YAW MACH SPIN SO 


• 

• 

• 

• 

1925.0 .331 
197.4 .000 

3.59 

1.72 

! :S S 

1.43 

1.49 

3210. 

3109. 

4459. 

• 

1578.0 .362 
131.3 .001 

ttl 

;!2? 

1.43 

2.11 

5582. 

6188. 

9110; 

• 

1265.9 .398 
84.1 .002 

4.14 

1.16 

.820 

.311 

1;43 

3.03 

10713. 

9235. 

14166. 

• 

993.0 .290 
34.3 .004 

4.91 

.92 


4.20 

15400. 

12203. 

20596; 

• 

786.3 .168 
11.3 .010 

4.32 

.73 

:8 

1.43 

7.57 

22088. 

13259. 

26412. 

• 

684.8 .169 
8.3 .016 


.654 

.502 

1;43 

9.76 

22361. 

13267. 

26686; 

• 

682.4 .169 
8.2 .016 


: m 

k& 

27631. 

12171. 

32099. 

• 

686.1 .168 
8.6 .014 

4 ;12 


1:8 

32522*. 

9173. 

37859. 

• 

762.2 .168 
11.7 .009 

4.28 

.70 

:in 

1;43 

5.73 

TO : 

44371. 

• 

866.5 .176 
18.6 .004 

4.42 

.78 

t $44 

1.43 

3.29 

RANGE, M 
12201. 

v.rps 

929. 

TMETA.D SOW 
-59.3 .303 

n 

2.19 




<£) 




TAB. -2 

8AKPLK TRAJECTORY C < -CULATED OH DESK COMPUTER 

5-IHCH SAMPLE PROJECTILE (SEE TABLE 5—1 FOR SAME 
TRAJECTORY U8IMO ELECTROHIC COMPUTER) 
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2765 Mt«ri 2.61 •rrar compared 

with rtiult In Tsble 5-1 
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Thk rolatioaahip b also seed in demise the aqua- 
tion tor p/V which k pretested is paragraph 
Uli. 


4—4. EFFECT OF PROJECT ILF HASS OR 
TRAJECTORY 

Bisee Co, do et sot very greatly with increasing 
length to diameter ratio, a looj, and therefore heavy 
round will expe ri es ee a tower drag deceleration 
than a lighter round of the aame caliber and 
general aoape. Tbk k the reoaon for the me of 
subealiber or “arrow” projectiles for 
or antiaircraft (Ire, where a abort time of flight 
to a grots target k of great importance. The man- 
ner is which the mem of the mad aT'cta the 
velocity, time of flight, range, and terminal Telocity 
k shown is Ac treatment which follow*. 


4—4.1 Horlaoatal Trajoctocy 

Is thk ease C» k aammed to bo e constant, asd 
the gravity curvature of the trajectory ia amsamd 
to be negligible. 


dV 4V * 

£ m 


d i Copy's 

• V~ ~ ~PmV 


4Y 

T 


4k »F 



ktY • -Qg-M + C (4-1) 


4—4X1 Velodty 

If we suhetitote the ininal conditions, f =T, 

whew X. = 0, into Bquetian 4-1: 

C-hK. 

F- r.eqpf-^C?,] <4J) 


which thowe the importance of a email C» and a 
large sum if a high velocity k to be M 

Ihe range, inereeeea Replacing the frontal area 
S by (*/4)d» and at by W/g, we Iwve 



The ratio W/d* it celled ‘‘sectional density”, and 
in most of the older publications is written ae 
et/d*. using m as a symbol for weight 


4— 6.1.2 Tim* ef Flight 


The time of flight to a gives range can he 
obtained by dx/dt tor V and re- 

arranging Equation 4-1 


dtm z ap [^ xdr ] 

Integrating 



asd substituting intial condition*, a m 0 at i - 0 

c “ -VZZS- 



If r it the time ef flight to a given range X, 
then 


£-*-*■*[ ¥*K{'-fc) 

(«) 

where V r = terminal velocity, or velocity at a = X. 

F = -F/Fw*, asd F m > Vr> the quantity is 
the parenthmm of Equation 44 k negative and tho 
time of flight to a given target Itituib is pro- 
poctias to the relative increase in the ssse or 
weight of the projectile. Am/m, providing that 
F. k mdepmdent ef projectile weight. 

However, when demgeing n reaad to ftt as 
eskting gas, mamie veloc it y d spisde is a very 
direct moaner oa projectile weight If H k doaured 
to make tho mate of the projectile grit In thaa the 



- 


^ J 



h 

l 
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t 


a mm, m ** of the standard projectile fired from 
that iron, then 1', will be lew than the muttlc 
velocity, V**. ttf the x'amlunl projectile. Thix u. 
due to the neeewd'y of keeping tile m untie muuieii- 
lum, and therefore the load on the reeoil system, 
at or below the rapacity of the system. We ran 
write 

F. m - fof m 2 «i, w 


and substituting this in the Equation 4-4 for time 
of flight we get 


1 - 


2m> 


S 


m- V^CaoS \ “ p 

.3 T 2T X 

3m ™ as «K r 

_L\ 

- 1 V V-l 


>[%?■]- '! 


Since the average velocity is usually not much dif- 
ferent from the terminal velocity for the flat 
trajectories of interest to the designer (and indeed 
cannot be if the assumption of constant 6'* is to be 
be valid), we can conclude that increasing the 
projectile weight in a momentum limited situation 
will usually increase the time of flight If the 
projeetila mass ■ leas than m** then V, is limited 
by chamber pr is rir e (a constant energy constraint, 
mF*. as wtmVf) aad Vtf* m = 1/m (3T/2 — 
X/l'r). Here then is more likelihood of decreased 
tiase of flight. 


4—4.0 Tssmtaal Yatodty 

Iaereaaed projectile weight can, however, im- 
prove the terminal velocity. If we substitute V, = 
■»i in ths velocity equation, 4-2, 


we get 


So r. decreases with increased projectile 
weight for ranges which are shorter than 2m/ 
H’opS), and increases for longer ranges. For a 
typical 20-nuu projectile weighing 0.22 lb, Cppfl 
might be 0.4 * .002276 x a/4 (0.066)* =4.1 
x 10 * and the range beyond which inereased 
projectile weight will give inereanrd terminal ve- 
locity will be about 1000 amtera. At thix range 
V/V, will be e -1 , which makes the assumption of 
constant C 0 questionable. The accuracy of the 
estimate of the cross-over range could be improved 
by performing the calculation in steps. Since pro- 
jectile weight generally increase* faster than 
frontal area with increasing diameter (m = ktP, 
approximately), the cross-over range generally in- 
creases with projectile caliber ; for a 106-mm pro- 
jectile weighing 32 lba, 2m/(C 0 s 8) would be about 
7000 amtars on the assumption of a co nst a n t C* of 
0.40. 

4—42 Curvsd Trajectory, Antiaircraft Firs 

The analysis of antiaircraft is com plicated 
by the changing air density aad the inability to 
neglect gravity and trajectory curvature; it will 
not be attempted hero. 

4—7. EFFECT OF DEAO OH TRAJECTORY 
4—7.1 P an a wl 

The drag of a projectile ban a direct effeet on 
its range, tiase of flight, and wind aeneitivity; and 
1cm directly affects both static and dynamic sta- 
bility. In order to obtain long range, abort time 
of flight, aad miaimum lateral deflection due to side 
winds; the dreg of the projectile should be m moail 
aa passible. Sometimes stability considerations will 
lead to the acceptance of a high aero-yaw drag. A 
reduction in yaw, obtained by improving stability 
decreases the yaw drag aad may improve seeuraey 
by decreasing aerodynamic jump. 

Tbs material on drag wbieb follows is c on fin e d 
to the drag of a projeetila flying ia lino with the 
tangent to tba trajectory of ita e g., La., at aero yaw. 
The drag coefficient at am yaw, , a an ia this 

situation be called tbs axial drag aoaflfisseut Tba 
ia ers aa s fat drag with yaw, and ita so ef fi ci ent, C#^. 

will be dfisaasasd ib paragrupb 4-7 J. For a waB 
bsbavsd projectile tbs initial yaw 4smpa rapidly to 



i 
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a null value, so that by far the trrcstrr component 
of Co ia C 0 , . Tbe minimisation of C B , ia, there- 
fore, of primary importance in nearly all caaex. 

The designer must seek a projectile shape which 
will have a small axial drag coefficient, Co,, and 
yet h.'.ve sufficient internal volume to carry the re- 
alised lethal charge. lie must also avoid, as far as 
possible, surface irregularities such as slots, de- 
preasiona or protruaioaa. Tbe effect of general 
anrfaee rooghneaa varies with the velocity regime 
of the projectile; this will be riioensaert later. 


the mtrface of the model in a way whieh depends 
**w its shape. 

4— 7J.1 Suhetaic Bagte, 0 < ■ < 0 J ± 

The aerodynaasie coefficients of a conventional 
projectile are fairly constant when the projectile is 
Hying (or being tested in a wind tunnel) at Ua> h 
numbers less than some critical number, which ia 
usually in the vieinity of Oil. This ia the model or 
“free stream’* Mach number at which the flow 
over some part of the model reaches Jf= 1.0. 


4—7.2 Aaial Drag 

The axial drag at aero yaw My he divided into 
three components: wav* drag, friction drag, and 
base drag. The relative importance of the various 
components depends strikingly on the Mach num- 
ber regime. For example, wave drag is absent in 
subsonic flight. For this reoaou the designer will 
choose different shapes for rounds which fly pre- 
dominantly in different regimes; however, many 
artillery projectiles fly in all throe regimes and a 
trajectory calculation of some sort must be made 
if the optimum drag shape is to be found. 

Wind tunnel testing with pressure surveys will 
provide a division of Co, into its components; 
b a llistic range testing gives only the overall value. 
The designer is urged to refer to Hoerner, fflmd- 
Dj/mmmie Drag (Bef. 27) in all matters relating to 
drag. 


«— 7-3-2 Transonic Bogies, M -r < M < 1.1 ± 

At a free stream Mach number alightly above 
the critical value, tin- coefficients such as or 
('d, begin to increase rapidly and the projectile is 
said to have passed from the subsonic to the 
transonic regime. 

4— 7JJ Su pers on i c Bagte, 1± <M<] 

At some free stream Mach number greater than 
1.0 the wave system characteristic of comprearire 
flow is fully established, and the projeetile ia said 
to be in the sapenaoie regime. 

4— 7.3.4 Hypersonic Bagte, X > 5 

Above 2 = 5 the flight ia termad b y p ^ i m ic 
Th* rsgimo will not he disrnsmd ao vary Urn ©on- 
vtatittud irtilkry projtetilat tty st ndi kiffc 

gpudi. 


4-7 J Effect of Mack Amber 

The amplest way to dtem* drag is from the 
paint of view of a person ohnsrriag a projectile 
flxad in a wind tunnel, with air flowing around it 
The airspeed of the projectile is than eicariy the 
vetooity of the tunnel air far nrrugti upstream of 
the model aot to he ssgnifleautty altered by the 
prasmse of tin model The speed of sound, F* in 
the tunnel sir st the point st whieh the air velocity 
is m we an' d then gives the Koch number, F/F. 
** which the tost is being cowdacfd. At points in 
the ne i g hb orhoo d of the model the sir vel o city is 
•tend in magnitude snd dinette but tbe spend 
«f sound is emote to ho un ch i s gsd, so that tfte 
teal Mash uumhs r varim from point to poet over 


4—7.4 X&at of BsynoUs Assshsr on Drag 


Dreg co effic i en ts ore also influenced by Bsynolds 
number; geometrically similar project ilm of dif- 
ferent eslibcrs win have slightly different C. vs 
Mach number rervoe. 


4 — 73 luhssnis Drag 

In the subse a] i range (0< Jf<0i8±) we 
would Uke to have a rounded, but nut neeaaaarily 
pointed, aom and m email a base diameter ae eaa 
be provided in view of the many coaaiderattea 
whieh affr* projectile shape, snah as required in- 
lernal voinma, wall strength, propulsive method. 




J 


44 
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V 


» 


type of stabilization, fuzing, etc. The effect of pro- 
jsctile shape is discussed below. 

4— 7.S.1 Surface Roughness sad Irregularities 

Surface rough new corresponding to ordinary 
industrial practice wilt have little effect on the drag 
coefficient. 8urface irregularities, such aa slots, 
shallow holes, and protuberances may increase the 
drag very greatly, depending on their loeatkm and 
orientation. Fuses are often |ioorly designed in 
this respect and consideration may be given to 
covering them by a windshield. 

4— 7 .12 Blunt Base 

Blunting the none of a projectile will, in the 
subsonic regime, have little effect on overall drag. 
The important effect of blunting (short of a com- 
pletely fiat face) is to tower the critical Mach num- 
ber. Small flat faces, such as appear at the nose in 
many point-detonating fusee, have little effect on 
drag. The integral of the dynamic pressure forces 
over a properly shaped head will be close to zero, 
and the forebody drag will accordingly be close to 
aero. The base drag is thus the result of a pressure 
deficiency over the base of the projectile; the 
existence of this sub-static (less than atmospheric) 
pressure is evident in everyday life in the wake of 
trains and automobiles. 

4-7.13 BsstteUteg 

Reducing the diameter of the bote below that 
of the cylindrical body, called “boattailing”, is a 
vary effective way of reducing base drag in the 
■ubaonie regime. Boattailing also reduces the lift 
coefficient and changes the position of the center of 
premie of the normal force, moving it forward. 
This reduces the stability of the projectile, placing 
another limit on the amount of boattailing that can 
be tolerated. 

The extent to which thia can be done on a spin- 
Mobilized projectile in limited by the necessity of 
applying a rotating band, which most be supported 
by a relatively thick wall, and by the fact that the 
projectile walls aft of the rotating h*»<t are ordi- 
narily exposed to the full chamber pressure so that 
they mart also be thick. Them considerations limit 
the length of the boattail tad may also limit the 
aaMunt of raduetion in bam area. Use of a hollow 


boattail avoids these limitations, but sacrifices in- 
ternal volume. 

IV of a large boattail angle (greater than about 
16°), without a rounded tranaition from the 
cylindrical body, can cause the air flow to separate 
at the junction, cancelling all of the drag reduction. 

4 — 7.5.4 Fla -Stabilized . Projectilaa 

The zero-yaw drag of fins is. of course, related 
to their shape and siae, but these are dictated 
primarily , by stability considerations. While it is 
true that some fin profiles have less drag than a 
simple flat plate, the extra cost of manufacturing 
the double wedge or streamline profile fins must be 
weighed. 

4 — 7.6 Tnaasaic Drag 

4 — 7.6.1 Spia -Stabilized Projectile 

The transition from the subsonic to the super- 
sonic drag regimes is clearly illustrated, for a typi- 
cal low-drag spin stabilized projectile, in B. D. 
Boyer, Aerodynamic Prop t riiu of tk* 90-mm SX 
M71 Shell (Ref. 79). The ogive of this projectile ex- 
tends over shout half ita length, the boattail is 
half a caliber long and the boattail angle is 7*. 
Its subsonic C D , is 0.15, even though the rotating 
band area haa foureireumfereniial slots. 

Shadowgraphs at M = 0.88, If = 0.97, and 
it — 1.05 show the initiation of the shock waves 
at the points of abrupt rhsa g e in diameter and 
their growth to fully developed waves. ('». ram 
from 0.15 to 0.99 in this Mach number interval, 
sa can be seen from the drag curve in Appendix 
VIII-B. No shock wave appears over the nom of 
the projectile before photograph at If = 1.05, 
when a separated bow wave is present. So we can 
my that for this projectile the transonic regime 
covers tbs Mach number range from approximately 
048 to 1.06. Note this is only one example; the 
numbers would be different for s different pro- 
jectile. The development of the shock waves oo 
the body and fins of an arrow projectile hi shown 
by the shadowgraphs in BRL Report 934 (Ref. 
88 ). 

The greatest part of the increase in drag in the 
tranao ie regime eaa be attributed to the presence 
of the shock .waves and ia called “wave drag”. 
The base drag peaks at about M = 1.0 ; tbs friction 
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drag become* relatively smalt an the total C„, in- 

ereaaea. 

4— 7.6-2 Fla-Stablliiad Projectile 

The drag of tyj ieaJ 'ui-Mtabilixrd projectile* in 
the transonic regime iwe r e a ae n in about the name 
•ay aw ileaeriiietl above, aa may be aeeti front the 
drag curve* presented in Appendixes VI1I-T 
through VIII-Z. The deaigner should obtain and 
■tody a number of ahadowgrapha or achlierra 
photograph# of projectile# of varying shape* in 
conjunction with their drag arm 

4—7.7 Sgpetmk Drag 

4— 7.7.1 Decrease *f C Dgr with Mach Humber 

After the shock wave sy stem is fully developed, 
which usually occurs at a free stream Mach number 
b et we en 1.1 and 1.2, w* Cad that C B , decreases 
with inetaaaing Mach number. 

In fact, w* era use Q = V « + C», Jf* = a + bit 
aa aa interpolation formula: a typical aet of value* 
of the constants might be a = 1.6, b = 0.2, c = 2.7. 

4-4JT.2 Effect of Ham Shape an 

The mat of Cm, ia the uperaonie regi me de- 
panda largely aa the ahape af the now. By the 
Taylor-Maeeoll formula (StL SO) we have-., 

Ca, - (.0016 +-§?). W 

where C, f ia the f or e b od y premure drag (wave 
and drag) eompoaeut of Cm,, « ia half of the eoor 
angle, ia de g ree * , and M ia Mad number. 

While by this formula the low es t drag ahape 
for the roee would be a ee me, aa ogival aoae hav- 
ing a large ogival radius will have slightly lower 
drag (and aha afford a greater warhead volume). 
B- K. Dickinaon (Bat. 24) found from ballistic 
nag* drug* at If =s 2.44 that the minimum drag 
head aha pa af a caliber AO projectile (d = 0.0417 
ft) was a assault ogive having a radius twice that 
af the tangent ogive of the eaaae length aad maxi- 
mam diameter (ratios be t we en L7 aad 24 war* 
aaariy aa goad). 

The peamset of a araafl flat (or rounded) sar- 
taaa at the front of the neat, sailed the rndpbit, has 


only a small effeet on C„, , and indaad, if not too 
large, may reduce Cm, slightly balow that for a 
(minted mute of the same le.igth. 

4 — 7.7 J Effect at Boattailing ea 

Host tailing reduces the ting if au|>craouic pro- 
jectile* aa long as the airflow is able to follow the 
contour of the body. For each projectile ahape 
there ia a critical angle (generally about 8*) and 
a critical ho at tiil length (about 1 cuiihuv at the 
critical angle, longer for amallcr angles) beyond 
which the Sow will separate from the projectile 
forward of the beae, real ting in a Co, whieh is 
greater than the minimum attainable, and which 
varies from round -to- round with consequent deg- 
radation of accuracy. See Beta. 25 and 26. 

4—7.8 Dual Flaw 

As a general rale, we assume that projectiles 
having the lame shape and t£. location will have 
the same set of aerodynamic coefficients when tired 
at the same Mach number (and Reynold* number), 
and that small diff erences in shape and surface 
finish will produce only small differences in the 
coefficient*. The few outstanding exceptions to 
these rules are diseumed below. 

4— 7.8.1 SpOa-Hsaod Prajectilm 

It waa found aome time ago that replacing the 
ogival head of a projectile by a slender cylinder 
protruding from the flat forward face of the body 
wwtW move the e.p. of the normal fores rearward, 
reducing Cm, aad reducing the spin nue required 
to stabilise a spin-stabilised round, or reducing the 
length of the tail required on a fin -stabilised round. 
These apika-noeod projectile* had higher drag on- 
efficients than the i nuaepomling projectiles with 
ogival heads. Also, for tome designs, projectile* 
from the came Sot, fired under the same conditions, 
exhibited drag coefficients which fell in one or the 
other of two gro ups, with £e averages of tha two 
groups a* mods a* 30% apart. 

Ex am in a ti on of spark photographs showed that 
the low drag coefficients were associated with 
rounds on whieh the airflow separated from tha 
apike at its tip, whib on the high-drag round* 
the flow separated at a point about half-way down 
the apik*. This pheneamnoo wu eallad “dial 
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L-2.0 CAUBERS 


Tt>* Dictum. taken is the ERL w perron* wind usd*], ahow that the character of the 3ow ant a aptha tamtoftmm ww 
number aadooar lenfth. The Bote reparation ia delayed, with ronx-quent ineeemar is dr**, on the_^three photorrnpha at the 
hneee ei«ht haad tor **»{•>. Thicker spihea aboard delayed reparation at ahorter tenet ha (Ref. HD). 


1 


Figure 4—2. fhm ftif fst m Oct Vorymg Langth, Co Mfemf Cofibor .33 
Dnawtar Spate Noaoe of Supartonk VaioaHt 
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flow"; it* existence wa* * function of t In* geometry 
of the spike. In order to avoid the ocrtirrenee of 
dual flow, with ilx serious effect on uceiirary, 
modem spike-nosed round* urc furnished with • 
small ritiK nmr the tip of llo> now- which inaurca 
the early separation of the flow. 

Figure 441 ahowa the rffeet of Maeh number 
and uuae length on the flow fiattem produced by a 
spike-nosed projectile. 

4—7 X2 Uadarcut Projectiles 

Another example of dual flow wax found in 
ballistic range fixing! of projectiles haring the 
central part of the body deeply undercut; drag 
and moment coefficients varied from round-to-round 
by as much as 50%. The flow pattern, whether 
high- or low-drag, was stable ; Le., once established, 
it persisted throughout the observed flight of the 
projectile. The possibility of dual flow may some- 
times be detected by wind-tunnel tests when bal- 
listic range firings do not reveal it* existence. 

4—7X3 Hemispherical er Sharply Comical Bam 
ProjectUas 

The point of separation of the airflow from 
the bese of a projectile having a hemispherical 
or sharply conical bate will also vary from round- 
to-round, bat in a continuously distributed manner, 
so that this behavior is not classified as "dual flow 
The hemispherical shape allows the wall of the bear 
to be thinner, so that more HE can be carried, 
but extra care must be taker, to insure dynamic 
•lability (see Appendix VIII-H). 

4—7.9 Drag Varieties with Yaw 

The incr eas e in drag when the attitude of the 
projectile changes from aero yaw to a yawed posi- 
tion is called by some writers “induced drag." 
This term is borrowed from airplane terminology, 
and ia equivalent to "drag due to lift." For small 
yaws, the axial drag is very nearly unchanged from 
its aero-yaw value, and ita component parallel to 
the trajectory ia also very tittle changed, since eoa 8 
= 1 when 1 = 0. Tbe normal force is inclined 
rearward at an angle 8, so it has a component in the 
drag direction which is given by Cx m VqB when 
8 = sin 1 The expremion for the drag coefficient 
then becomes 

Co * Co, + Co, F 


However, the ubserveil coefficient of variation of 
drag with yaw squared. is usually about 

twice as Urge as Co, ■ 

While the induced drag may be reduced some- 
what by ebusting a body aba c having a small 
dynamic stability may be impaired so that the act 
effect on drag may be unfavorable. 

The above observations apply to fine as well as 
to bodies. It will be seen that over -stabilising a 
finned projectile by means of a large fin Kft may 
result in a C» penalty as well aa increased mosaic 
blast sensitivity. 

4—7.10 Mazda Blast 

4—7.10.1 Yawing Velocity Dm to Transvsrv# 
Vibration of Muzzle 

Nearly all projectiles emerge from a gun with 
essentially aero yaw. Even mortar projectiles, 
which have large bore clearance to facilitate drop 
firing, can lie in the tube no more than 0.3* out of 
line with the tube axis The possibility exists 
that transverse vibrations of tbe muzzle may mow 
the rear end of the projectile after the eg. b as 
passed tbe moxzle ; thin action, aa well as any over- 
all motion of tbe gun tube, can impart yawing 
velocity, to the projectile* but no significant exit 
yaw. 

Equations for aerodynamic jump, which ia one 
of the two primary flight characteristics, will be 
presented later in this handbook. It is noted here 
that jump ia primarily a function of initial yawing 
velocity, and not of initial yaw. 

4—7.1012 Transverse Prawn ra G radiants 

Transverse pressure gradients in the mania 
blast enir impart some yawing velocity to the pro- 
jectile if the eg. of the projectile does not coincide 
with the enter of pressure of the transverse fores. 
This effect ia most prominent when firing with a 
worn gun tube. These transverse pressure gradients 
are probably rotated to the bora yaw of the pro- 
jectile. Good obturation reduces tbe pressure dif- 
ferences in the blast and shortens tbe effective blast 
zone, thus reducing initial yawing velocity, aero- 
dynamic jump, and dispersion at the target. An 
improvement in accuracy of hot rounds over cold 

*>*«r s t t ii nti ii l sad espsriasetal stagy ot ths ifaS ot 
gss statue, «at B tL L 
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rtgidi of the -»■*** projectile* ariars durfr from 
their better fit in the tube, pertly because k»er 
yew b> reduced end pertly became obturation is 
improved. 

4— 7.1(0 Fin-Stabtttaad Prajocttim m Brmaed 
Fhv 

Kinetihiliml projectile* err affected by the 
r-r"** Wait ut yet another way. For a xhort time 
after emergence from the mussle the blast (aero err 
flawing forward over the fin surfaces, resulting in 
a large demahtiuiag moment which can impart a 
mgntfienat yawing velocity wo though the time 
of action is short. It ■ of great importance that the 
aerodynamic moment c oefficient of the fine w re> 
retard flow hr kept an small a* po a wble 

Many photo g r ap h* of the mosaic blast are 
available in firing test reports of the Development 
and Proof Srrviem, Aberdeen Proving Oroand. 
Maryland 

Siner the camera nsnally take* thonmada of 
pact arm per art sad, the eme rgriw of the pro- 
jaetils from the smoke flood can he •homed, and 
the time spent in eevetned flow estimated. The 
data from the photographs can he correlated with 
the dwpenuoo of him oa the target ; them eorrela- 
tiaas dearly show the importance of ohtnration for 
rvvaAi 

Wrtimma of the roast mg hand mol m ol into 
the gi otio * of the riding is amsslly aaamdrved to 
fnrnwfe odeponte sb-nenuso for spm-otahbard 
wo da. However . asme recent pnjntib dmigna 
hove mdnded pwi s l ah u r at in g nag* or don. 
mmdar to the ( bum mm n aa t y nasd on fin- 
smbvhoed rownds . throe iteviero are demrihed m 
paragraph S44. 

4—7.11 CnawM 

4—941.1 Wind li—ldtj 

While fas projectile demgnee annaot do any- 
thing shoot the wind he eon de eemetbrng ahont 
the een o W vity of has projectile to the effect of wind. 
A e Ub le projectile win wero into the wind le, the 
egnibhrtnm poaities ef the longttwdtnol aria ef the 
projectile, negin t i ng yaw *f rrogaae gad trim, wff 
ho in hne wi*h the roenhsnl ef peojtmile velocity 
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and wind velocity. The act drag force (drag minus 
rocket thrust) will then have a component at right 
angW to the projectile velocity. In the absence 
of rocket thrust, or i r drag exceeds thrust, the pro- 
jectile will acquire a downwind lateral velocity and 
ilispUt-emenl ; if thrart exreeds drag, the projectile 
will move upwind. 

4—7.114 Lateral Dodsctmn 

With no rocket thrust, a constant crosswind, and 
mailing the usual assumption that the projectile 
aligns itself with the resultant air-stream as soon 
as it troves the muxxle of the gun, we con write 
a very aim|>ie ex pm wi oo for the deflection of a 
flat trajectory by a cum wind (see U. 1*. Hitch- 
cock, Tkt Motion of r Yerj Stahl* 8M l at Short 
d an g er . BHD Report 1047. April 1958 p. 19) 

r-K.(T-y-) 

where 

Tec lateral deflection at 
impact, ft 

F»= cromwiad velocity, fpa 
T ~ time of flight, me 
X = range, ft 
Y,= mussle velocity, fps 

The only variable is the above exprem i a n is the 
tiate of flight. Knhotitntiag for T ita cgaivalaat, so 
given in paragraph 4-4.14, wo haw 

From this eqaatiaa wv can find that the lateral de- 
fl cetica in mils decreases with iact— md projectile 
weight or moarie ml — s ty, and iacrmsn with »- 
croaao ta C» 

Throe re lot sms fnenmh the dmigarr with addi- 
tiaaal raaeeem far arokiag law drag and high 
eeetieaal deaa ity ( an lem bis penjeetile contains a 
rocket mot o r, when the t ra d e iff ritaation hseosam 
maev s e mples ). 

4— 7.1J Vakam at ro Mat* lamhac 

Cwrroa «f C\ ** Mach ssmh sr foe typivnl 
project ilea ore don is Appandiaro VI 1 1 -A 
throng* VUIX The isntgsretl.a of the pen 
jntde la dm ws roe* page in seder in eaoMe 
the dwt— ro ta hlw fi hl i h s tw a en ffimpm 
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CHAPTER S 

CHOICE OF METHOD OF 
STABILIZATION 


5—1. STABILITY 

5-1.1 Gaaaral 

In order to kttt a wall induced drag, a pro- 
jectile moat hr stable, i e.. the yaw of the projectile 
anal Jaap to a aaall equilibrium angle party ia 
iU tllafct If not ataorally alablr nor gyroaeepi- 
raJiy atablp, tbr projrrtilp will riw a o ifT to laabir 
m mom a it ktm tbr manic of tha (ta : if not 
dynnmicoUy stable. tbr yaw of fbr projectile will 
grow roatiaasoaiy with tuor. so that tbr projectile 
will taablr or go into a tut apin unle- tbr expected 
tuor of flight it very abort. 

5— 1.2 Static and Opaacapc Stability 

Static stability ia related ta the position of 
tbr mater mt . a w a ar i a f tbr aaraai fart* with 
raopeet ta tbr eg. mt tbr projectile. If tbr c.p ia 
aft <4 tbr eg. tbr prajrrttir ia otaticaUy atablp. ip . 
any yaw of tbr prajrrtiir p rod u ct* a ai a iat aba at 
tbr eg. whacb tnb ta rrfara tbr an af tbr 
prajrrtiir ta tbr arta-yaw pwtm If tbr c.p. m 
ahead of tbr if., tbr a o mo I fart* produce* an 
atrrtnming arauat tra d i n g to ineteev tbr yaw. 
Hawttrr. if tbr prajrrtiir * tyinmag rapidly 
enough abaat r» awr m»\ tbr yaw will not paw 
rapidly bat n»o h Hung* direct too ; tbr prajretiir 
ia Mud to br g yt aa ra pa ra Hy ’to bit. rtra tbaogb 
atotirally aawtablo 

I to w tbr ip af i r/ltadnca) bady af rttola- 
Han ia oaaaUy abraa af ns erwirotd. a typwal pro- 
jectile abapr ia aaatobir aaina : 

a. Van af tbr pmjretttr b a laarmi rated at 
tbr f a raard rad aa ta aart-r tbr eg abrad 


of tbr c.p. (thu ia rarely a practical solu- 
tion). ar 

b. Projectile m presided with a flaring tear 
cod or with flat turfaceo (flat) at the rear 
of tbr body which aaort tbr c.p. rearward 
of tbe c.g.. or 

r. Projectile m made gynwnipirolly alnble by 
apin. 

5— Li Factor* ta ha C aamd wad ia Chian af 
Fia-Suhsiustmu 

5— 1J.1 dpi— 

Fixed 6 no take no length without adding to 
the payload volume of tbe .projectile, except id 
tbr mptemi caar of an arrow, ar Mihcalibrr, pro. 
jeetde Folding tan either add to tbr length ar 
rtdata tbr volume, dtp— di ng aa tbr daaiga 
adopted, bat ia aay a— add ta tbr r a m p l e n ity af 
tbr projectile Hiner tbr anfalaam af a pro- 
ject ile af a given maximum diamrtar aad — 
all length ia t e dn ord when it* payload eihni 
in reduced, and. ia g e areal. a p in mb i ti a nd pen. 
jrrlilm are cheaper than aad aa accurate m tbr 
cormpooding An-mabtliand projectile batting equal 

payload, peepurtibo are slabiliwil by apin an loan 
there are overriding r enaaaa to tbr rantrary. 

S— IJJ Far 

Some af tbe reaamn far rbaaaing faaublm 
lion are: 

a. A fl n atab i l i a w l projeetilr eu br large* ia 
ptrp u r t ir u ta ita di a met er (bare a groat er 
fl amro n rnttoi fbaa one wbiab ia ipiu- 


M 
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stabdurd If thr *- limitation* on 

length tutoring, handling. loading into the 
gnu ) are not exceeded. the fin-«tabilited pro- 
jectile uv be loo* enough to live an 'eternal 
volume greater than that of the correspond- 
ing spin -stabilised round 
b TV lethality or other tmninal ueefulness 
of the round may hr impaired by spin. Aa 
example in thin category “ the shaped ehsrgr 
round 

r. TV amiM of the projectile may require 
that it be bred at high quadrant elevations. 
C'onreatiooaJ xpia-etabilianl rounds naffer 
srvrrr degrade two in aerur*. y when fired 
at quadrant dmtiorn greater than about 
6*. fin-atabilard —amis do nut. 

4. The internal structure .tf thr projectile may 
hr MN-b that the round b e ro w s dynamically 
■—table when spun, re even su.-h that .t can- 
not he spun rapidly enough for pyronropm 
atahility by the pus available 
■». TV projrrtile may he d e ng w il to he Iml 
f ram a smooth-bare pun 
f Pla-sUbdued projectiles ran he fired from 
a rifled pt^K without parking B|t euouph spin 
ta hue accuracy Thu a done by thr aar of 
an oheutator which engages the nfiiap hot 
slips oa the p—jrrlile. 

M. Srai-ffTABatZXO pxojxctilss 

Tb find tayii w—a t we place aa a peejrerde 
as that il hr a ta h h ft moat he slat wally or gy— • 
apiroMv stable. it ma— aha hr dy—aairally sta b le 
■u l na its expected trajrctaey u very A a rt IV 
■ l abili t y -if q u a at ah ila ad ta s y e ti hi ia treated m 
tV paeap ra pha which fat law 

S— 2.1 Oyra ac epte ttahMty 

I— 2.1.1 O y raac e p te guKBHy Factor 

TV pyroarapir atahility of a «pm t t aht l is sd 
peejertde ran he ataeamd by computing v tV 
g y r un — pie stability taetor 



I, — axial moment of inertia, slup-ft' 

/, =r Iranaerrae moment of inertia, 
ulug-ft* 

p — axial angular velocity, rad /arc 
0 . — static moment factor. Ih-ft/radian 

<*n the aminaption that the static auxaent varh-s 
linearly with yaw, the expr e — io n far the statie 
moment per radian of yaw ia 

h-l^PCn. 

p = air density, alug/ft 1 
i — maximum body diameter, ft 
V = airspeed, ft/arc 
Cm, = statie moment eocfi h ien t. 
per radian 

t’kur attention must V pant to tV units ward m 
these expremiami. aa s am e of them are nut the units 
customarily employed in re poet tap mranarrmeats 
«f tV tuaMn. 

S— 2.L2 Ca n dtei — a an Veto* af a g far Stability 

If 0— ^ 1 tha projectile m unstable and 

will "tamUr” within a few hand rad fact of tha 
pun. 

If ia greater than one. tha projectile m gyro- 
scopkally stable, and arc than ineeatigata its 
dynamic atahility. — dear n bod later. 8iaee t, ia 
iawndjr pro par t smal ta the iliaaity af tha air, 
I— jectilaa which are t a b l e at ataadard itm— 
l<herie conditio— may he aatahlr when fired aadar 
amir ae ether neamtandaid aa d i t iimi of tempera- 
tare and pemaare. IWWe ewei f tm mewt a m—t be 
tafeen into actsaal in com puling thn fart, 

■ no pled with tV uarertain tieu iu the other fetters 
ruteriap into If, has led some d es i gn er s to art 1.3 — 
a lower limit an i, iu the preliminary dampu atape, 
—inf s t an d a r d air danmty in the aompatotioa. 

Nate that at tV manic we can write 

ta • C,(f)* where r, * —na t a ut 

hwt p/T ss ha/ad, where a w the twiat ef the rifling 
at the u n it , in tnlihetu per turn, lienee the 
initial atahility of the prejreltie depends an tha 
rifling twtet and only i n dir e c tly an a— cia sola iky. 
If thte were not an, aaard flee. U. fie— g with re 


if 
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iluml propelling c^wirgr. would to* import h-a). Tbr 
indirect mfineore of muzzle vclority arwm from the 
dependence of l'* m on Jiorh n unitor: thi* de- 
pendence ran ranae iiidahility at reduced manlr 
•.•eloritiem. 

t'onveutiounl projectile* lor airspeed much 
nuirr rapidly than tiry lor *pin Tbe value of «, 
thus nearly always inemeew a* the projertile file* 
down range. 

• Tbr lability factor* of projectiles fired at high 
quadrant elevation* ran. unlew projectile velocity 
H aiaiataiard by rocket thruat. reach quite Urgr 
values at the summit of the trajectory, otriry to 
drerraae* in both velvity anti air d enmity. These 
la rye values are not detrimental in ttoamrlvrs, but 
the muditwma which prod tor them atm bring about 
large inr fr w w in tbe equilibrium yaw of tbr pm- 
jerlile. 


Thia equation shows that at the muaaiit of a high 
auric trajectory. where rat H =z ! and g iu run- 
aiderobly Inn than ita aea level value, if I' ia wnxll 
tbe yaw may be very large; it may even shift over 
to tbe left-hand equilibrium angle with dmaatrona 
result* for tbe trajectory prediction. See Bef. K, 
p.392. 


5— 2X? Trading 

An analysis of tbe firat (and a Mat significant) 
term of the eap rewt i on for yaw of rc p oac aaay abed 


«. 


f. pg rosH 
J »Sd (’*. V 




wine- lirht on the mrrh anh na by wbirb a spinning 
projectile " trail*” a* it awvm along iu trajectory. 
Kearraurinr the above equation gives 


5 — 2J Taw of Brposa 
S— 2JLI Gaaacnt 

Tbe gravity mrvsture of tbe trajretary gives 

rim to an anglr of yaw large enough to mate a 

precession rate which will permit tbe axia of tbe 

projectile to follow tbe tangent to tbe trajectory. 

Tkia e;uilibriwm r equire ass e t eton tbe projectile 

to pout to tbe right of its flight path (right-band 

yaw of repoar) when tbe apia of tbe projectile ia 

e t ac h niae aa viewed tram tbe rear, which ia tbe raar 

with nearly all I'nitod State* artillery amm Haitian 

Tbe lift farce a—a ri a t ed wttb thia angle eanaea a 

tin ft to the right, and an rothaatr of tbr magnitude 

af this drift m gnaw m tbe firing table* far tbe 

projectile. The dr mga i r in interested in beeping 

tbi» drift wnall. and aa.nntfarm. tram eon a d to 
• ... ’•» 

round, aa paawbla. 

Tbe yaw af topoar ia propor tional to j/P, 
If it b e ce wca large, tbr projrdile may bcrsmi 
dynamically naateMe with rewaHing tan in range 
and accu racy . . 

$—1X2 tarmnla far Anglo af Bopaaa 

An approximate npreeamn far tbr aaeil right- 
hand yaw af repeat ia 


JgPSdCw.A 

On the left aide of the aqaattai we have tbe atatic 
aerodynamic mome n t, an tbe right aide ere bare 
the axial angular mome n t ion. l,p. multiplied by 
tbe rate of change of direction of tbe tangent to tbe 
trajectory, g ern fi/Y (am paragraph 4-5). Tbe 
product is a rate of chocs* of angular moaaentam, 
canard by the aerodynamic moment; Ban T am ely, 
tbe aerodynamic moment ariaiag from tbe yaw af 
rrp m a ia jaat sufficient te rhanga the angular 
amam a tam af tba prajactila at tba rote rsqairsd 
for tbe axis of the projectile to re m ain Ungoat to 
tbr trajaatory (in tbe vertical pinna tbr yaw ia in 
a piano airmal to tbe trajectory plane and tbr 
atatic amment ia at right nagha to tba ro t a ti an. ar 
•prremnan*. of tbe pewjeetils axia. which as tbe 
wall ban gy ra w a p ii to ha ri se). 


$—2X4 »roja«ttta Aaymmiirta 

Aaymamtrim of a projortila, ariaiag from tba 
manafarturiag pra ams . will add (vtetoriaUy) a 
amali aa natont yaw to tbr yaw af repeat, iar* seeing 
tba pomibilit y af t ronb i r at tba a um mi t Ignury 
aba intro da era a farcing funrtian whieb ran land 
to rrsonanre; tbr renaluag yaw can ha large far 
fia aubillaed projectile*. and tbr subject will he 
diarwaaad farther in paragraph 14. 


14 



Downloaded from http://www.everyspec.com 


AMOK TIM-242 


i—iZS Method if Canputatira af Prajaetite Spin 

Thf gyroscopic stability factor is calculated at 
the mimic and i* often calculated at the summit 
of high angle trajectories aa an index of summital 
be^arior. It ia recommended that the designer com- 
pnte the raw of repoae at the summit of aaeh 
trajectories, and compute the inability factor at 
the «""«>» and at impact. If his computer pro- 
gram does not include a running calculation of spin 
rate, he must estimate aa well as he can what the 
spja rate of the prujeetile will be at summit and 
impart, using the expression (in the absence of 
mrfcrt thrust) 



where the subscript • refen to conditions at the 
hr ginning of the interval O'er which the change in 
p/Y is bring computed, i is distance measured 
along the trajectory, and *. * = md»//^ Thia ex- 
prrssian aa— m that r. C lf and C s are eooataata, 
which ia not likely. Average raluss of these 
p ara meters must he oesd, and it will be seen that 
tha approximation far p/Y may he poor. Designers 
of spin atsHliasd projectiles hare been willing to 
asenme that the projectiles retained enough spin 
te he stable at impact and ta accept whatever limi- 
tation «n enmlrant i tera t i on wns found to he 


the round. 


While C, p is negative. C m is nasally of matermwt 
magnitude that p/Y hmr e n se o as the projectile 
rime to the summit- On the descending Umh the 
cosine of the trajectory angle ia d eft oa ein g, and 
p/Y win dre r saar, since shriou sly V is iai r i ss rii g 
white p, is the a b a iair ef some spin-producing 
amehaatem aaeh as a cantad An. continues to de- 


Mown in Tahte 5-1 and Tahlo 4-2 are mm pie 
trajectories for a typteal 5-iach projectile, with 
htettel aaadMtemo differing only la good root eteva- 
ttem. The t ra j ectory with Q.K. = I* gftti aa 
opfsrtaaity far a temple cheek on the ( p/Y )/ 
(p/Y), n|uaftea p res ented short. I teng a verage 
tolars of , and Cm m have, fee #, f at i mp a rt 



» coo( - 3.9*) _ / (-001186) (0.1355) 
7.* eca3* Mp l 1.436 


(6.89 ( - .014) + 0.365) 9330 j 


.9977 * 
.9986* 


*1.325 


The trajectory calculation gives »/ >, = .295/224 
= 1.32, so the approximate formula is very good 
for Dot Are. 

For the trajectory with Q.E. = 70*. the rough 
estimate* of , sad C» obtained by taking simple 
means values would hr .(MOM for , ami 285 for 


r„ 


c os ( - 77.8*) ) (.00088) (0.1355) 

eos 70* *** J 1.435 


(6.89 ( - .014) + 0.285) 54100 
.2113 “• 

• .3420 * “ 145 



The trajectory calculation gives »/*» = 289/224 
= 1.29, so the approximation ia oniy fair. The 
use of valusa of C* weighted by the are diets nee 
traversed, in colculating the means, would moke 
;he approximation for »/». very good. 

The high angle trajsetory ia presented princi- 
pally to show the magnitude rsochsd by the yaw 
of repose at the summit. The aetual yaw might he 
much greater because dynamic instability, owing 
to nonlinearity of the aerodynamic oo sdci sn to . ia 
likely to occur at yaws of this m ag nitnite . 


5-2J Zontag 

Conventional projsetilm attain thrir maximum 
rsugo when trod at a quadrant elevation of about 
45*. Kor rocket ominted projsetilm the Q.K. for 
maximum range is greater than 45*. rvnsiag ap to 
60* ar 70* when using a long burning roekat wit* 
a high ratio of fori weight to total projoetL 
weight. Eaagm shorter than the maximum may bo 
obtained by changing the Q.B., enduring the affec- 
tive rocket thrust, or inducing the muss le velocity. 
Reduction of the momte velocity ia a sartea of steps, 
by reducing the charge of gun propellant, ia salted 
" sowing"; each level of monte voterity ia salted 
a "mao", and variations of raago witkia aagk sane 
ore obtained by varying the qandront ilivatian 






M 
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velocity variation mint be stable over a vide range 
*f Mach numbers, which wilt alreort rertainly in- 
dude transonic speed* at sea level air densities. 
Store r« a usually peakx in the trsiuamir regime 
and the jQrrus-opir stability factor is inversely pro- 
portional to !’a m , stability stay be at a mi sim u m 
in the tmusonir regime. If C„ m Jsu are not avail- 
able for the full range of sfieeda, estimatea way be 
awde by oar of tbe shape* of tbe ('a, va Maek 
aaatber curve* of projectile* similar to tbe one in 
qontioo. Use «f an estimated Ca m requires a 
greater margia of safety on tbe gyiu aeepie stability 
factor to insure that it does not bt t o m i Wat than 
unity. However, if trajectory calculations show 
that tbe projectile will spend only a short time in 
tbe transoaie regime, it may be poesibie to aeeept 
a certain amount of instability for that abort time. 

Tbe gytaeeopie stability factor of a esnvee- 
tional spin-siabiliatd projectile nasally baa its 
aaaaUed value at tbe taaaile. Bneket-aamsted pro- 
ject ilea, on tbe other band, are more likely to be- 
eome gyroacopie-tlly aaaUbie ou the dear ending 
limb of tbe trajectory, near impact. This insta- 
bility can be avoided by : 

a. Distributing tbe mam of the projectile so 
that its eg. is forward of the usual location in 
a projectile of the given a erod y namic shape 
k Ineraamag the itffiag twist of tbe gun. 
e. C a nt in g the rerhet media , er providing »- 
* 1 -* — - f **-t jrt fnrn a a ii gl e 



X, = precession damping ex- 
ponent, per caliber 
a .= travel of projectile, calibers 
4 , — phase angles of tite model 

vectors (j = 12) 
i, - equilibrium yaw 

We are concerned here with tbe magnitude* and 
signs of X| and X,. It will be aeen that tbe magni- 
tude of a modal vector win i.ntrenae if its associated 
X k positive; tbe larger tbe value of X tbe more 
rapid is the increase in the magnitude of tbe victor. 
Tbe term «*j n, of cosine, simply a sinusoidal 
oscillation between +1 and —1, and between +♦ 
and — If neither of the two modal vectors, JT, 
or grows in magnitude as tbe projeetile flma 
down range, the projeetile k said to be dynamically 
stable. Por dynamic stability, therefore, both X| 
sad X* mud be equal to, or leas than aero. 

Prom Kef. 12a we have 

s--y»r«- 1 

L Vi - i/«. J 

and X* differs only in having a + sign between tbe 
two terms inside tbe brackets 

H - & [ Ce. - Ca - kf {C M , + C* m) J 

8a, sinee *, is a function ef C*. and (iadiroetly) 
of C y we sae that all af the mayor aerodynamic 
eoeff kke to enter into tbe determination af tbe 



5—2X1 Magnitude ef Medal Vectors 

The yaw af a t ym m etri e projectile acted am by 


I - 

*K 


+ JCi.e^****^ — 

= initial magnitude af 



4. 



5—2X2 Dynamic Stability factor, a* 

Morphy (Ref. 12a) lueeaameads that i n d eed 
ef simply reqairiag that the X, he nonpeaitive, we 
should ad an upper limit an tin greater of the two 
which mad net be e xce ede d if the projeetile is to 
fulfil its mimics. This tunit, r ep res en ted by an 
eaneheeriptsd X, may be grantee than aero be- 
seem some growth ef initial yew may be tolerable, 

1 - an — -a- ■■ -k«- 

Mpirtnj «■ tMfr sagvm 

t— <AX1 itabattylerX — mix 

Marpby than iatrndnem the . dabOity 

faster, a* where 


U 
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ST + 2X 
** m H + 2X 

and by use of the nprwioo for with the 
nttniiit»tkuU.^Xud H + 2 X. > 0, «ms 
at the identity 


7 -- **(?-**) 

** 

Plotting tbia expremioo an a curve with 1/s, and 
tt aa coordinates, we get 


Stability dentins are for 



K009 5—1. MArswoSsd Crop* rfl/i,nv 

Conditions as to stability are a function of the 
location of the point determined by the inter- 
section of 1 /s, with t, (Figure 5-2). namely : 

a. Intersection lies below curve: Projectile ia 
gyrooeopieaUv stable and awy he dyaami- 
aally stable, with !«, < X. 
h IatersKtioc liases the carve: X^. = X 
e. la ter a l et ia ri baa above earn Prajeetile ia 
dynamically oaotihlr with )«, > X aad may 
ha lyrewapwafly adaUr. 


S-2AXI. StahWty far X = • 

la practice, X ia often aK egnal to acre. 
1 far the dyneaaie stability 


Than 


m - ar xc t . + *.«cq 
K F Ci. - Co - *,*<£,, TT, 

Th* enrr.- in Figure 5-1 ia now the loons a f 
whe re 1st. If the interpret ion of 1 /t, 
baa abase the carte, we raa aele elate 
ag Ate, the change in a. repaired 



tbe curve, moving horison tally, aad using the 
foi lowing relation : 




W - 


Hn 


-Alt when - <1 


1 - It. - Ate 

(R em e mb er that H eoutaina th* factor a«,/2m.) 
Note that H > Oh one of the eooatrainta on a,, 
an the Xau computed by the above rxpreasiou ia 
punitive, and one of the yaw vectors ia undamped ; 
we can estimate the growth of this vector from 
rap |XmI) where a ia travel in calibers. Similar!;, 
when the intersection lies below the curve, use of 
the above expression for X— . will result in a 
negative value with which the rate sf ueereaae of 
yaw can be computed. 

Returning to the expreauon for u, we note that 
Ci. ia always positive aad usually much greater 
than C*. The denominator of is nearly always 
positive. If it ia not, wo should not compute *e. . 
The numerator contain the magnna morjent eo- 
rfldant, C*^. which k usually positive for spin- 
stabilised projectiles at supersonic speeds, but 
often negative at traaaonie aad anbaonie speeds. 
14, u usually positive, and indeed the values of the 
roeOeients aad radii of gyration (ia caliber*) are 
saehthat*t nearly always lies between 0 and 2 ; 
if te, is outside these limits, th* prajsetile cannot 
be stabilised by f*" 

In BBL Report 853 (Ref. 48), Murphy dia- 
rmnm the influence of mam diatribntien on th* 
ilynamir s t a b ilit y sf statically mutable projectiles. 
He notes that at supersonic vdoettim away bodies 
of revolution cannot bo stabilised by spin if th* e.g. 
ia store than two oalihoso aft of the centroid. The 
lentroid m, of eowrar. the point at which ^he e g. 
won hi he loeotod if the projectile wore of uniform 
density ; it io boot the g eom etr ies! esat raid of thj 
silhouette of the projectile. In any earn, there, is aa 
optimnm < 4 . location which miahniara tbe spin 
rale ragoirad tor etobility, aad this sptim’jm loca- 
tion ia aoasUy soar, aad aft of, the centroid. 

The tsosplsfs graph of 1 /s, v* 4 taken from 
Ref. 12a, appears as Figure 5-2. 

Unfortunately C Mm ia amative t» ekaagm in 
ysw angle. We eonaat prmorvo brmanty in the 
by restricting I to Ism than 10* 
that wo ssitj tar same other 
A large C*. and b« will 
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TABLE 5—1 

•AMBLE TRAJECTORY FOR SPIN-STABILIZED 5-INCH PROJECTILE 

AT Q.E. = 3* 

(SEE APPENDIX I) 


FFD FFH 
t .<$0 1.250 
3.0 0 . 


TYPE 

5.540 


RGA RGT 
.501 1.050 


o.ft 

.*150 


WTO 

VO 

SPIS 

SBT 

OTM WIST 

OE 

46.00 

1925. 

• 

.0 

.400 28.00 

3.000 

WTB 

ZO 

TEMP- 

DTL 

DTE COD 2 

CLP 

46.08 

001189 1116.0 

59. 

4.0 

.350 6.00 

-.014 

TIME 

X 

DIST 

V 

CO CHA OR 

MASS 

THETA 

z 

THRUST 

DRAG 

YAW MACH SPIN SG 

.00 

• 

• 

1925.0 

.331 3.93 

1.000 

.05 

.12 

. • 

• 

197.4 

.000 1.72 

.224 


.S* 
.03 
.13 
1.0 4 
.03 
.13 
1.7% 
.02 
.14 
2.9k 
-.00 
•15 
4.09 
-.02 
.17 
5.15 

-M 


1694. 1695. 1004.4 

75. . 17?. 9 

1937. 1930. 1787.5 

34. . 176.3 

3156. 3158. 1704.1 

118. . 163.7 

5125. 5127. 1574.8 

137. . 144.6 

6867. 6870. 1465.8 

113. . 129.8 

8375. 8379. 1375.5 

55. . 117.9 


.342 4.01 
.000 1.61 

.344 4.02 
.000 1.60 

.351 4.07 
.GOO 1.52 

.364 4.16 
.001 1.41 

.377 4.23 
.001 1.31 


.388 

.001 


4.38 

1.23 


.997 

.234 

.997 

.236 


.2 


.995 

.259 

AA/ 

.273 


.9! 


1.43 

1.36 

1:8 

\:U 

1.43 

1.57 

1.43 

1.72 

1.43 

1.88 

1.43 

1.99 


TIME.S RANGE V.FPS THETA.D SPIN SG 
5.85 2839. 1316. -3.§ .295 2.04 


J 
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TABU 5—2 

SAMPLE TRAJECTORY FOR SPOT-STABILIZED 5-IRCH PROJECTILE 

AT QJB. = 70* 

(SX1 APPENDIX I) 




FFTJ FTH 
1.050 1.250 


TYPE RGA RGT D-FT 

5.5*10 .381 1.030 .4150 

QTM TWIST QE 
.800 28.00 70.000 
DTE COO 2 CLP 
.350 6.00 -.014 


CO CMA DR HASS 
YAW MACH SPIN SG 


WTO 

VO 

SPIS 

SBT 

46.08 

1925. 

• 

.0 

WTB 

ZO 

TEMP 

OTL 

46.08 f 

001189 1116.0 

59. 

8.0 

TIME 

X 

DIST 

V 

THETA 

Z 

THRUST 

DRAG 

.00 

0 

• 

1625.0 

1.22 

• 

• 

197.4 

.22 

5.62 

3140. 

8749. 

1260.0 

1.17 

8166. 

0 

78.2 

.35 

15.86 

7420. 

18531. 

739.1 

1.02 

16951. 

• 

8.6 

.68 


31.25 

.27 

.80 

34.45 

-.02 

.80 

44.85 

-.81 

.80 

60.85 
-1.23 

.80 

65.65 

-1.28 

.CO 

70.45 

- , :2S 


22465! 

tat 

ISS2?: 

22170. 

11898. 

23443. 

7931. 

24617. 

3566. 


26588 . 

27696. 

31575. 

0 

41728. 

45896. 

•• 

50416. 


.331 

.000 


360.4 
3.0 

336.7 

3.3 

450.3 

3.2 

819.9 

12.4 

911.0 

22.8 

966.5 
33.9 


.168 

.013 

.304 

.151 

■M 

.196 

.069 

.168 

.007 


3.93 

1.72 


.397 4.53 
.002 1.16 


4.69 

.70 

4.21 

.35 

4.18 

.32 


4. 


:8 


4.79 

.76 


.220 4. 
.004 


:8 


.253 5.06 
.003 .87 


1.000 

.224 

.770 

.313 

.581 

.496 

.487 

.971 

.485 

1.033 

.513 

.757 

.683 

.390 

.775 

.340 

.892 

.307 


!:$! 

1.43 

3.00 

}:* 

48195 

1.43 

56.07 

1.43 

27.51 

1.43 

4.95 

1.43 

3.19 

1.43 

2.23 


TIHE # S RANGE .M V.FPS 
74! 20 775$. 988. 


THETA. 0 SPIN SG 
- 77.8 .289 1.82 


M 
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reduce the effect of changes iu , end * email 
tad nearly constant yaw angle will reduce the aiae 
of the ehange in magnua moment We see im- 
mediately the value of good obturation in keeping 
the initial yaw small, and the value of high pro- 
jectile velocity in keeping the equilibrium yaw 
amalL 

S — 2.43 further Pia mmitn of Map it a d e of Medal 
Vac ten and Stability 

The following paragraph ia taken from Murphy 
(Kef. 12a) : 

The requirement that the exponential co- 
efficient* be negative throughout the flight ia mueh 
stronger than nt ternary in a number of applica- 
tion. This can be seen by the following example. 
Conaider the cam of a specific projectile whose ex- 
ponential coefficients are strongly negative for 
M & 2.0 exeept for the Maeh number interval 
(0.9, 1.1 ) where both ex points are positive Ex- 
act numerical integration showed that an initial 
■*«■■«» angle of attack of four degrees for the 
launch Maeh number of two will deeay to a tenth 
of a d e g ree before the Math number de cre et s to 
1.1. The dynamic instability associated with the 
tranoonie velocities then will cant the maximum 
angle to grow to approximately one degree and then 
deereot a second time when subsonic stability is 
established. Thus the “dynamically unstable" 
projectile has maintained a small angle sf attack 
over the entire trajectory. 

S— 2-5 Aerodynamic Jomp ef Spta-Stahttmd 

m — l — it s - - 

rvtjtcnwi 
5 — 2.5.1 Oaamal 


imparted to the projectile by the gun is negligible, 
and consider how the designer may reduce the re- 
maining source of inaeecrmey, aerodynamic jump. 

S— 2S2 Aaredynamic Jaap Pained 

In the ahaan ee ef wind, gravity, and drift, aa 
avaraga line drawn through the swerving path of 
the projeetile, such that the projectile spends equal 
times on each aide (or all aides) of the line, can be 
visualised aa a straight line which intersects the 
muxxle of the gnu. At tbs music this aaean tra- 
jectory tine will make aa angle with the line de- 
fining the direction of the borr of the gun; this 
angle ia ealled the “aerodyanmie jump." 

Note that the plane of the aerodynamic jump 
angle can lie in any orientation; jump can be up, 
down or sidewise. At a vertical target the effect of 
jump ap peers as a deviation from the theoretical 
point of impact, which ia computed from the bon 
sight line, corrected for drift and gravity drop. 
(In flat firing wind corrections an seldom made; 
rounds an fired as rapidly aa ia practical, and the 
wind effeet ia assumed to be the same for all 
rounds). 

5 — 2 -5J Magnitude of Aerodynamic Jump 

The aerodyuamie jump at a symmetric pro- 
jectile, ia radians, in given (to a atom appi prims 
tian) by 


The path taken by a projeetile after leaving the 
musle of the gun ia determined principally by 
wind, gra v i ty, drift, eerodyaamie jump, and, of 
wane, by the direction in which the gun ia point- 
ing whan the projesrile emerges from the music 
The d es ig ner eaa radon the sensitivity of the 
projeetile to wind by reducing C* or balancing 
drag by rocket throat; ha eaa redan the round-to- 
ra o ad d tapo t mon dot to varying gt ae ity drop by 
good obturation which re d uera round -to- round 
variations ia mesh velocity. Drift ehanld not 
vary math from round to rood if the projeetile 
yaw is kept small In this rtiarnaaiaa we will simply 
set wind, g ra vity, and drift equal h ran, assume 
that the traaaverae eompoaenf ad the velocity 


where Y, = projectile 

velocity, fps 
i. = yawing velocity, 
nd/me 

P. separate, 
rad/ses 

«. as yaw, ndiaaa 


m ea sur ed it 
■ the and of the 
Mast seat 


aad the Imaginary multiplier, i, shown that the aaa- 
tributioa at initial yaw to jump ia at right anglm 
ta tha itiraafia ad the yaw. Asymamuy' at the 
prajaadk adds another tana ta the expreatasa far 
t* a term whiah dapauda am the tane aad Initial 
a ri aa lstta n at, tha asymmetry; me Murphy, Cam- 
maata am fr aj aati a /amp, Baf. 17. It ta imparts* 
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that projectile asymmetric* be kept a* nail aa i* 
economically feasible. 

i. ia usually ao amall that the second term in the 
jump NjOttiM in about an order of magnitude 
aaaller than the Ural. However, if the bore elear- 
auee ia unuNually large, or if there ia a strong eroea 
wind at the gun, the yaw may be. large ami the 
wwond term cannot be neglected. 

j, varies from round to round. Hood obtura- . 
tion will reduce ita magnitude, and the magnitude 
of the variation. For a low drag projectile. 
Cm, /C L , ia approximately equal to the distance, in 
calibers, between the eg. of the projectile and the 
e.p. of the normal force. Incr easin g this distance 
will reduce 8/ for a given i, but the design changes 
which increase the op -cg separation, inch aa an 
inerewK in the length of the projectile, often also 
increase k* . Boatteiling will decrease C tm and 
increase Cm, , increasing the e.p. -eg. separation 
without much change in k* . Since drag ia also 
decreased, boattailing has a very beneficial effect 
on performance unless the stability of the design 
ia impaired; this must be checked (tee paragraph 
5-2.4.). This diaemdon of aerodynamic jump 
applies only to dynamically stable projectiles. 

5— 3-5.4 Orients bew of Aerodynamic Jnmp 

The orientation of the aerodynamic jump angle 
aho varies from round to round, bacaaaa 8, is a 
vector. Tin d imcrimi of 8, depends no the pattern 
of the gas flew ia the masala blast, which in turn 
depends on the boro yaw of the projectile. Since 
projectiles loaded in the gun in ths aame manner 
probably ride the laade of the rifling ia the same 
manner (see Bet 56), the orientation of the bleat 
pressure field, and therefore' of I*, ia probably 
biased in one particular direction. Hence the distri- 
bution of jump orientation angles, whan a group 
of rounds ia fired, is probably sharply peeked in 
one quadrant 


The die tribu tioc of impact points on the target 
is really s eirealtr (or elliptical) distribution shout 
the thearethsl point of impeet of all the rounds, 
amuming ao change in gun dire ct ion. The biae 


described ia the preceding paragraph produces a 
hit patten which appears to be a rectangular dis- 
tribution about a mean point of impact which ia 
ilir “renter of gravity” of the pattern. Artillery 
targets are always analysed aa though this were 
the true situation, since the canter of.impact and 
the vertical and horizontal probable errors are very 
easy to compute from the coordinates of the hits. 
The location of the theoretical point of impact is 
very di&enit to obtain from the coordinates of the 
hita and cannot be computed from the boresight line 
with any certainty, which makes the derivation 
of the true 8* distribution impractical. 

The above diemarion is presented because of 
its implication for design dcariainna baaed on the 
results of firing teats. Since the P.B.v and PB.« 
method eommonly used is theoretically inappro- 
priate, design changes should not be baaed on amall 
temples, Le, g ro u p s of fewer than 15 rounds. 
Furthermore, since moat design changes are aimed 
at reducing only the magnitude of 8 j and not at 
reducing ita directional dispersion, the statistically 
indefensible procedure of elimin a t i n g “maverick” 
rounds from the error calculations may be justified 
by the contention that their points of impact on 
the target were the result of unusual orientationa 
of the jump angle, not large changes in ita magai- 
ftutf , 


5—3.56 Balariauihlp B a tw om Aerodynamic Jump 

a* QX 


5-35AL Vertical Campenant 

In firing far range, the importance of the verti- 
cal co mp on en t of 8; depends on the quadrant 
elevation of the gun. Differentiating the expression 
for range in a v a c uum gives an appro xim a ti o n of 
the effeet of changes in angle of departure on range. 


X • 

a • 

a. 

~I ' 




ae.de. 


a 

tSl 57 


d8. 


When 8. = 45*, the charge in range is negligible. 
At 8,= 15* «to dungs in mage, in mils, ia ‘■bout 




( 

v— 
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&5 timet at great at the change in departure ancle 
(in miUindiana) due to aerodynamic jump, ao at 
)ov quadran t elevations jump it an important 
factor in rang* accuracy. 


5— 2JS.6J Hariamtal Ca mpaia e at 

The horiaontal component of 0/ produces a 
horiaontal deviation at the point of fall of the 
projectile, which it proportional to the are length 
of the actual trajectory. Since the deflection dk- 
pennon of rounda fired for range ia uaually re- 
ported in mik baaed on the mean range, the effect 
of a given horiaontal jump k multiplied by the 
ratio of the are length of the trajectory to ita 
horiaontal projection. Again we can estimate thia 
ratio from the vacuum condition, giving 


Are I f 1 , 1 . ( ooa «. \1 

1" 2Loot0. tan 0. V 1 — «n 9JJ 

and at 0. = 46*. 4^. =1-15, while at 0.= 15\ 
^ = 1.01. Hence, this factor can be significant 


ia estimating deflection P-B.’s from aerodynamic 
jump, when 0. > *0*. 


5—3. FDI-STABILIZXD PROJECTILES 
5—3.1 General 

The inconvenient fact that the center of pressure 
of the aerodynamic forces on a pro jeetik body k 
almost invariably forward of the eg. of the body 
eea be counteracted by placing lifting surfaces 
(fine) rearward of the eg. If, when the projectile 
k yawed, the moment produced by the lift forcer 
on the fine k greater than that produced by the 
forces on the body, the net moment will oppose the 
yaw and the projectile will be statically stable. 
In symbolic notation, we haw 

Cm, » £m, b + CJr^ 

Cm. “ C K , f {Xcj. B — 'Xe.e.) + 

{Xej. T — Zc.rJ 

CJ. - C.O. m C £s- 


wbere the subscript B refers to the body and the 
subscript T refers to the tail. Unsobeeripted 
quantities apply to the whole projectile. The X’a 
are distances in calibers, measured from the base 
of the whole projectile, which k uaually the base 
of the tail. The tail comprises all of the fine and 
the (usually) cylindrical boom on which they are 
mounted. Arrow or subealiber projectiles have the 
fins mounted directly on the body, ao the base of 
body, base of tail, and base of whole projectile 
may coincide. Folding fins may require an arbi- 
trary definition of their bose location, depending 
on the design. 

5 — 3.2 CJP.-C.G. Separation 

It will be noticed in the above equations that 
X<iT. r —Tea. is negative, and Cm, will be negative 
if the projectile k statically stable. CZP.-C.G. k 
then also negative, but thk quantity k often re- 
ferred to simply aa “e.p.-eg. separation,” in cali- 
bers, and treated as though it were unsigned. 

The optimum magnitude of the c.p.-eg. separa- 
tion k not well defined. For minimum sensitivity 
to muzzle blast the tail moment coefficient, 

Ca, r (Xo.p. r — Zm.) 

should be small; to minimize the yaw angle 
due to projectile asymmetries, the total atatie 
moment coefficient, Cm,, should be large. The 
writer believes that the design value of the 
e.p.-eg. separation should be far enough above 0.5 
caliber that inaccuracies in estimation of Cm, and 
Cm. , including the effects of manufacturing varia- 
bility; will not reduce the e.p.-eg. separation of 
any round below 0.5 caliber. On the other hand, 
e.p.-eg. separa t ions greater than om caliber have 
bees found to be aeeompaniad by wienawd disper- 
sion at the target. 

5— U Fia Type 

The eboiee of fin type k obviously a trade-off 
problem, involving the utilities of projectile volume, 
range, aeeuracy and cost Establishing trade-off 
curves for eoeh design, determining optimum points 
for eoeh design, and than comparing the optima 
would bo a long prowaa. It k doubtful that the 
choice win ever be made explicitly in thk way, but 
the intuitive Burrowing of choices Burnt follow 
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thcae lino.; A brief discussion of the types of fine 
follows. 

5 — 33.1 Find Fin* 

Fixed fine of one caliber span are eo t to m a ke , 
mj euxj to uniformly ; this prom o t e* ac- 

curacy. However, space » required between the 
leading edge of the £ni and the location of the 
fall body in order to reduce fin-body 

inter ference allow the fins to develop thetr 
expected lift This reduces the projectile volume- to- 
length ratio. If lew drag is important, the long 
required further reduces the useful pro- 
jectile volume. 

5 — 3-3.2 Felding Fins 

F olding fins which are bunched the 

projectile when in the gun tube and fanned out to 
more than one caliber span by some m ech a ni s m 
after the projectile has left the muasle blast can 
produce large e.p.-e«. separations without large 
blast effects. They are expensive and con- 
ducive to large projectile asymmetry. They need 
not reduce the volume-to-length ratio of the pro- 
jectile m much m do fixed fine. 

Folding fine which are wrapped around the 
projectile near its base when in the gun tube and 
apring out after the projectile leaves the muscle, 
eaa produce the required stability with reduced 
sensitivity to muzzle blest and very little reduction 
in projectile volume. They are not cheap ; the 
asymmetry they prodnee can he offset by a large 

C K- 

5—3.4 Obturate 

Good obturation is important for both spin- 
and fin-stabilized projectiles, especially ao for the 
fin -stabilized rounds. It has been achieved by the 
uee of rubber or plastic rings on or near the cylin- 
drical portion of the body, or by the use of a •*' -k 
of suitable material placed behind the projectile 
(pusher obturator). The obturator is sometimes 
given the added function of folding fins in 

the dosed position ; the obturator must then break 
up m emergence from the mussle, usually no prob- 
lem with rubber or piastre obturators which can be 
notched or, if necaaaary, segmented. Obturators on 
mortar projectiles mast break-up into assail non- 
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lethal fragments on emergence ; this behavior may 
be required for other weapon systems. Obviously, 
retailing the obturator in Sight increases the drag. 

, Pin -stabilised projectiles are often fired from 
rifled gone. The obturator must be designed to fill 
the g ro o ves of the rifling, but it must not impart 
a high spin to the projectile. Friction between 
obturator and projectile will impart a slow spin 
which is usually remarkably uniform from round 
to round, and which eaa to some extent be con- 
trolled by the demgner by varying the material of 
the obturator and the area of its surface of con- 
tact with the projectile. 

5— 15 Arrow (SubcaUber) Projectiles 

S-1SJ General 

The large mussle energy obtainable with large 
caliber guns offers the pomibility of launching a 
light projectile at very high velocity. If the light 
projectile is reduced in caliber, its weight per unit 
deceleration due to drag would be so great as to 
soon reduce its velocity below that of a heavy pro- 
jectile fired from the same gun. But if the light i 

projectile is reduced in caliber its weight per unit 
of frontal area (sectional density) can be in- 
creased np to the point at which it beeomes a use- 
ful item for employment against armor, owing to 
its high striking velocity. Since these subealiber 
projectiles are usually very long in proportion to 
their diameters, they must be fin-stabilized; they 
are referred to as “arrow” projeetilaa. 

5 — 1A2 Sabot 

The space between the subesliher projectile 
and the gun barrel is filled by an annular devise 
called a “sabot.” The fins, attached to the body 
near its base, have a span equal to the gun caliber 
ao that they and the abbot, which is usually placed 
near the eg. of the projectile, form two riding 
surfaces which keep the bore yaw of the projectile 

— tell 

If the projectile is propelled by a pusher 
obturator, the sabot hat only a centering function 
and ean be relatively light and lightly attached to 
the projectile. However, the mbot must often pro- 
vide the obturation and transmit most ^of the 
iseelersting fores to to the projectile since ihc sabot 


MS 




Downloaded from http://www.everyspec.com 


AMCP70C-242 


am a often greater tbs* the boar am o t the 
projectile The sabot ia then beney, aad attached 
to the projectile by me aaa of grooves around the 
projectile body. Three grooves naturally pee riae 
to ttxxk wares which inrraaae the drag If fired 
froaa a rifled tube, provaioa bus', be made for 
rotational slippage betweee obturator aad pro- 
jectile. The sabot seat leave tbe projectile by 
hunk ap or serai » atatioa shortly after leaving 
tbe wusxle becaaar » dreg would be intolerable 
Fragments of «be aobot may atrike the 1st, ao tbe 
firo Boat be strew* For tkia rraarw. aad to impawn 
the riding of tbe &aa oa tbe laterior earfoee of tbe 
gwa tube, tbe fins are often ead-piated While 
tbe traaaverae plates aa tbe tips of th* has larrraae 
tbe drag, they aim ia«*eaar tbe lift of tbe fait *- 
perauttiog a r r d a eti aa ia fia area wiueb largely 
efseU tbe drag of tbe platen Socse mtiraamg 
aabat doagpaa arc daaenbad by AQaa in BEL Sept 
1006 Part I ;B«f. *1). 

Mar At hater aad Banabbe <B«f. «) eampabd 
aad aaatyaad tbe drag data nbraiaad ia s asara l 
“-afrit* 1 - nap fir-aga of a rr ow projectiles They 
(•aad that Ibr addition ad taar aor-erbber agaare 
— J aa a li a i alibi i aaae r y liai c e hady ia- 

rrrawrl tbe drag to aaaa t lO"* of tbe drag af tbe 
hady alnae. wbaa the ta thrfraa m waa i% af tbe 
tha card Wbea the fia tbwhmar wae l«a. tbe 
drag mrroasrf W aboat Z»% ef tbe hody-aieae 
auer. Whra thaer fiaa were raatad X* tbe drag 

tedaaiae. Tbeaeiar^r^ salon aee mafrtelm 
hb V tbr (ait tbaa they aee baaed aa tbe baa Her 
of the debtor hady 



f raq aeaey V — ev'^a. bs radiant per aaeoad Large 
deformations inereaae tbe drag of tbe projaetile 
even if they do not threaten its integrity. 

5—3.6 Dynamic Stability of Fis-Stahlliaed 
Piajacnlaa 

5— 3.4.1 Caarral 

Aa d i rimer i (at greater length) ia the sub- 
section na apin stabilised projectiles, a prajeetiie 
» said to he dynamically stable if its treaeirat yaw 
does not increase during flight. Statically stable 
fin-stabtliaed projectiles ha nag aero spin are always 
dynamically stable; tbe yaw which ia plaaar, de- 
— cax^ according to tbe expreaaaaa 

* - hr" + £ *“ - ~twan«anlt) 

i fcm 


1 ■ - C» — if (C» f + f»J J 

* in tbe travel m raid era, and «. ia tba aanataat 
yaw doe to projectile asymmetry, ar "trim aegis." 
The addit.oaal yaw which araa from the eu ro s tat e 
of the trajectory ■ aogligiHi Car astaaal trmjae 


5 — 3.42 Zara Spaa 



•sat af the 



hiyer la fact, am spin ia vary awdamrahia. W- 
roaaar thro the Uft p ro d need by tha trim eagle. 
|. wdl ateer tbe p ro je e tde away from b pawdsatad 


trajectory . tha C eda etira d aa ta a a y wim a tt y aaa 
b r i« tolerably groat if the reB rate of tbe peajacCke 
a aear am roar math <m tbe trajaamay 


Mlil BpaMbrt— *fb 

Nrarij a9 fiaohabdamd p raja an be an da- 
•wa rd to aa w a u w a asrta a a apul b n aa apao. sail e d 
a daw span bhji I a mwah smaller than tha nil 
roue aad hr w dmahea Tha span magma «s 




fi-H 




rnmm 
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gaaerafly pndaeed by "esc tun’' the Aaa, or, if tbr 
projectile » mta* Q HTrrt , mj he produced by 
— , ”»f the racket an* tee 

5 — 14-13 Tergar 

VWt the terqae ■ predated by twining or 
sanberisg the Aaa. or by coating, U, badbf ap 
a portioe of each fia, the *pin terqae * predaecd 
by tb» lift c? the fiaa, watch acta m oppos ite di- 
Tiitisas oa epparrfs adee of the po aj o otiio us 
TV angle at which the air haw w**r the projectile 
i the km drpeade ea the ipu rate; aa the 
k nenaeaa, the eagle of attach of the eea&od 
of the is d eme a n ead the apai terqae 
aatil it jaet balance* the decelerating 
terqu* predated by ohta frietiea. 

5—3-440. C aae p w tari ea ef Igeifahrtaw BaB Bate 
Thae eaaiMbewaa tall rear » gina by 

_ _ C *e V 

* " “ 71, 7 ** 

— tpdiWiui rail rate, red/eer 
= tall wc amt eoeActeot da* te ha 
eaat (at aera apia) 

= raO danpiag wo— -et eocOricat 
= ia rtat angle, radieae 

Mctaea af the pimetegi ef ha area 
, C, p a atwayc aagatin Tine ea- 
ten. B o n ne. C., /C^ aay ha 

the ap pt a ai Ba li ia. aU aaty far 


P. 

C„ 



i with a tip 


ii* 

L “KJL<?r J 


Cl. fc the Aa Ml 
aa Be mm, ta the 

aerfMeat af the body aka. f*. a the total Aa i 
(aat *a wett e d ana. wheat a twtaa aa gnat) 

W-U to *• pnp m ita af Aa ana ahtoh to 
« to (natal ana. » to Aa gpm aad d to 
’af the bady 



5 — 4444 Samph Calcaktiaa 

Phr rtaapk, a t met projectile with ear- 
ine (* = d) aught ban the fallowing 


radian 


Ci^ - 2.0 per 

Ci - - 0.02 
^e 

s - am ft* 

An-tUft* 

5^ - 0.1 ft* 

V. • 4* w 0073 
r - ldOOfpe 


c, 


- °[mmF' 


fOJ\ 0.6 

[as/ ~ - 1.06 


- - 0.57 


P. - 057 (03373) - 133 red/e 


•21 m/a 
Tbio eaicaletiae ia a 
which eaa be 

Ct. 


ta Cl., 

by the rxpraanoa 


Co. £ 
*r to 


when h = pee of Aaa, aad e = enrage Aa chord. 
If the Aaa ban non than 44* awoephaak, the 
Car Ci f /Ci^ may not gin a 


5—34.4.1 


It ia important ta ban a 



■ate af the 
af dyaaadt 
rate. TVe 
by eayiag "the apia rata neat 


stability 

Hi Tkto aMtbad of d» 
l a bili ty af a prajeotih an 
be t at ta le d . wfcb aa t tbaage* ia atpHeaOy alabia 
p nj ee tfh a, the u n pin i earn af 1/$, n * to 
itoowa ta P lg an H Bn f 


■4( aaa lp an 



/ 
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t, is negative suw-e C (j is negative Yar aull 
vtfw W spin, % ippnwta aero ud 1/*, becomes 
a largo negative somber. Hence, tbe pci fe lily of 
dynsmic instability is email when tW apia » aaalL 

5 U. 4 J Sam pis Caknktin 

Oar 4- inch finer aaed a aa example ia tbe 
diacamsoa of apia dac to fia. east ia. 
paragraphs might alas have tbs following ebar- 


- 0.14 kag-ft* 

/, - 4Q**-ft« 

C*. - - *4 par 

Than we hare 

I 4/. {VStC.. 

: " /v 

(4) flO) (-00110) (MOO)* (0.104) (04) t-gj) 

(ftu)*(uar 

- -.».s 

; Marphy's ertSsrsei 




of tha ms mg is a 
it? stable if ii, las botwaaa — fil aad 
+ 6* hMlMkebfimttaingiila 
a salat if v, tying hn- 



fa any ease, the augmt. mo m en t eoefteiaeta of 
fin-stabilised projectiles are baa predictable than 
the of spin -stabilised projectiles, kor this reason 
'*• * wise to allow as great a aiargin of dysaatk 
■tability aa eaa be secured without falling into 
t inability, which is dieeamed in the n yv t 


S-U 

While spin ata b ili ns d projsebim 
eally rxpenenee e oineida n ee of qpin and yaw fra- 
Vumdm, this p ban n a ita on is an moeb mars lately 
to oeear with fa stthihaad projec til e s that it a 


at the 


5-4JJ 


Marphy (Bef. I2a), in hit 
•ogalar w it i o a af a slightly 
«hos* that the magnitude of the yaw due U 
■•try ia anally wail approxaaatad by 

K, - 4 





far fie fra- 

g u m a ies of the two aaedol setter s of yaw (Bad. 
lit). 8a if aithar tbs eet a tma al frogeney ar the 
arsssniaal fr a ge n r y ia asariy agan) la the gpte 
f rigs is ij , tbs ■■gaits 4i af tbs yaw das la ign- 
henna sary large. Tbs mautarity Sa a 
g<ba nhjaatad te an nSaranl altar- 
bn lad ta iha an af lha m “m- 
" n a hahai I ar thig i 
The ianraan in year, 



eetnmarhbplhe 
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Pt • 



760 

- e.15 


= ICS rad/ aac 


•t F = 1(00 

fpeataee 

Wrel 


TW ayribhrioiKoa nti far thia (bmt «m 1 » 
rad/aae, aa 9. it wail aheee fliaee bath p. aad 
Pr diraetiy [«p«tiMd to airspeed, ahaagea in 
V lloaf the trv^toey da M alter the p«/p, ratio. 


S—UJJ Baba at p # /p f to Avoid Baaaawaaea 
IaataUfty 

it adl ha aaaa tna the atpnaaMa far ^ that 

dacraaaa ia air deaaity with ateitode d r p, ; 

if the agaflihriaat nO rata ia greater thaa 9* 
tnag at high goadraat alaaatiiaa will liatraaaa the 
ahaaee af raanaeaia iaarahatity. Therefore, ia gring 
frato a rifled gaa, the ehtarater ahouid he da- 
aigaad to prodaea a refl rate at aairgaaei fro* 
the ■arete at laaat three tiaaea aa great aa the oal- 
aalatad •aeoaeat rett rata, pt, aad the flaa aheald he 
deajg^fer aa agailiheaaae apea { H = pJ/V 

«f Me Clack flaaar, COtl ia ~i iMirilj high ia 

**•* af ilaasf of 0 . 006 ; aa&ar the fla aaat aagia er 
the paaeaatage at fla area eaatod eeaid he oat ia 
hail 







f 
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nts not considered in the discussions in thic 
handbook ean offset tke da torque, musing the (pin 
to remain at the resonant frequency long enough 
(or the yaw due to asymmetry to grow eaustrophi- 
tally. Giving the projectile a (pin at emergence— 
aad at equilibrium — greater than t n to tha m et hod 
Hoaamded in thia handbook far avoiding roll 
lock-in. 


S-4.1 Aerodynamic Jump ef Fia-Stabdued 
Projectiles 

All of the material o*s the aerodynamic jump of 
apto-etabiltoed projectiles (paragraph 5 — 2.5) ap- 
pirns Without change to fia-atabiliaad ammunition, 
with the exception that the drift of a fia-atabiliard 
projectile ■ kept Mali by rolliag tike projectile 
slowly. However, it requires very good design aad 
manufacture to keep the aerodynamic jump (aad 
therefore the dispersion) of ftn -stabilised rounds to 
as low a level as that a f standard spin mobilised 
rooada fired from the same gun. Thia has been 
ahstrvid many times is tost firings of finotahitited 
muda, where spia-etsbilimd rounds were 
an control rooada. 

Tha aerodynamic jump angle %j, ia red need by 
toeraastog the e.p.-eg. separation, as ia sees ia the 
equation ia paragraph 5-2 5.3. (e.p. -eg. -» C Um / 
C Lm for mesll yaw). Un f b rtaa a t s l y. if this to- 
rn achieved by iaresaaiag the moment am 
1 ef the tad. ashy g re a t er fin arva oe a loagoe 
then the > t a rt i re a am ef the fine to the re- 
iating to the Meet sene to toersamd. 
with w ai t ing ia ma w to initial y a wtog celmity. 
If thto toer eane to C, to greater than tha toe raaar to 
epeg. ee p a r a tto n. aad it may wed be, thee the 
acred ynamte jump to iairmasd, net reduced, by the 
ehaage to e.p.-eg. a sparu t iau. 

The e.p. ef the aermal farce as the body al a a s 
caa he moved rearward by ehaagiag the ahapa ef 
the body : thto caa iarrreas the e.p. -eg. arparattoa 
ef the wheto pee jeetile with MPto er ae (heaps to 
ths tail memeut If this tody ehmpr to made ky 
a spshs fee the agtva, the drag to to- 




oa aerodynamic jump to minimised if the resultant 
of the transverse prm m aes as the prajeetile peases 
through the normal flight e-p. of the round. How- 
ever, sinee little to known shoot the distribution of 
music blast p ressur e to either paw or timt, tha 
beat way to reduce music blast effect is to reduce 
the magnitude and duration of the blast prmsuras 
on the prajeetile by good obturation. 

It will be noticed that aerodynamic jump has 
been discussed only tor dynamically stable pro- 
jectiles where initial yawing velocity aad e.p.-eg 
separation are the quantities of interest Fia- 
>uabiiiied projectiles which are statically stable are 
alao dynamically stable anlem they have an un- 
usually high roll rats. 


5 — 3.10 Fto Effectiveness at Supansak Speeds 
(Sal 17b) 



With low aspoet ratio* fine of tha ardor of 1.0 
or less, the span ia tha pr (dominant factor for 
producing high normal force sitoBrisuts- Howev e r, 
when spans are limited to so greater than naa fall 
body diameter, the optimum chord length moat be 
determined. For a fixed span there to n definite 
limit to the chord length that will gira tha beat 
combination of normal force aad moot rearward 
C.P. The normal force baaed on body frontal 
area deerraasn with increasing Maeh number far 
a eeaataat spaa aad ceualaat ahead, aad it i 
mare rapidly aa tha ahead is ahartanad. Thia i 
that an aapeet retie isiriasu, ths sffaat ef Mato 
number to greater an the fin normal Harass The 
muni e fi to to a t chard length appears to hr 
calibers .TO sad IA dsprudrat aa Mato M 
Thr larger chord s he aid ha aaad far tha high — 
Mark sum berm. 

The effect of leading -edge rw eip h a c k to aagtigi- 
Me ra far ae aermal face* to jaariTued if eeaeUat 
area aad aeow-t retie to held. From the wing 
theory thr lift within the tip Mato cease to approxi- 
mately Vi af the two rtimsaairaal value.** Thto to 
wusaed by a prrmnre le a ka ge armrad tha tips from 



kvffg -< 



-if- a i nmrt 


onto. 


#- 
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the I o we * to to* upper hHmi If more af the ia 
■tow i* afaetod by tor tip Modi cam*, toe tower 
toe total aenael foecr will be oad lb* farther tar- 
want toe t'.y. will aow. If by auae matW*l we 
c a uhl prevent Uue pr»— ir e leakage around toe 
tipa, we would be aWr to two-duaeamoualiae a 
tbiee diooe—toual aurfaee. Kad plating to* iua woo 
attempted. By tow method it wa* found that toe 
ia normal fore* eoald be iaereaaed a* Meb aa 407 
depending ap*w to* amaua t of ia er*a afleetad by 
to*ewd plat** aad toe aaaoaat af ead plat* width. 
TW cad p la te d Aa a* agaiaat tot plain tail *a to* 
TUB Ariaga kad rcotariag aoant* 11% greater 
aad maeh hatter acewxney. The damping o a ctotiia ta 
wtrr atoa larger tar the «ad-pbt*d toil* m agaiaat 
the plaia tail, aad thiaeinccd toe more ■table round 
to diap to H ampl i tu d e ia fewer cydaa. 

A complete aad plate width would be » 

aa a torewded a* ring taiL Experimental cridtaca 
at law Mach aamhara to e w a d that to* torawd had 
a atraag tew d ewe y to choke or Uoek the air fat 
***r toe Aa wrtru, thereby eaaaiag poar iaw 

lifting r m alt a Homovar, wane the fight talaettiaa 
bat* beau rawed to high Maeh number*, tba ten- 
dawry for tba iaw t* choke be t ae aa to* iaa aad 


AXCFIOtfltt 


abroad ia elaunated, aad ia normal force* era 
iaerraaed aad C.P.’a amd rearward. 

The a amber af iaa aaaaaaary tor optimum 
normal force appear* ubu. Theoretically six 
iaa. acting indepen d ently af each other, ehould give 
I'A time* toe fere* of four iaa, however, experi- 
mrutally they neualty produce aaiy *)% to *0% 
man, dependent upon Maeh number. If more than 
mix iaa art employed, to* fam interfere with aa* 
aaather aa far aa to* iaw iaida at* aaaeeraed, aad 
the normal fare* inCer*. 

Ia order to obtaia tell iffn tniaiwi. 

cm would want to* tail to be ia a naifbtti flow 
ragioa, La, a ata i d* of aay body wake i ninene a a. 
Tbia, howe ver, ia only pumibla whaa wing folding 
iaa whom tweep aagiaa at* relatively mall. For 
ixad ia aaaCgarntioaa (except ia to* ewe of arrow 
projectile*) the iaa tut op e rating mainly ia to* 
boundary layer Aow from to* body Meusa of gr»- 
tag the ia the atom e Cacti va lifting aurfaee are to 

make toe Mppacting body aa mwll a* practical. La., 

fceep the apn to auppart body diamatar aa large aa 
paaaihle a* that a greater partiaa of tor ia ia awt- 
eida af toe bady boundary layer, aad boattail to* 
maia bady m toot amacto aaiform Aow m pi*, 
mated to the aurfaoe. 
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CHAPTER 6 

ROCKET-ASSISTED PROJECTILES 


6—1. GEHESAL 

The kinetic energy which a gun can impart 
to a projectile is limited by the diameter of the 
hoe*, the length of travel of the projectile in the 
tube, and by the curve of chamber preesore vs 
travel. The morale energy can be inercaeed 
by B e in g a bigger, longer or thicker gun tabs, 
thus increasing the coot of the weapon and, more 
important, decreasing He mobility. Bat range it 
limited by tbe kinetic sairgy (applied to the pro- 
jectile since each foot of trajectory aabtracta 
front tbe kinetic energy an amount equal in 
magnitude to tbe drag force. 

To i nrn eai range, or to i nete teo tbe pay- 
load carried to tbe aaaac range, or to incraeai 
tbe veioeity at target impact, without deereeaiag 
tbe mebility ef tbe gun, tbe dm step ia to r ad u oa 
tbe drug totEnaat of tbe projectile to as low a 
value aa ia compatible with tbe projectile volume 
required by tbe projectile 'a wiaeiou The next 
ateg is to add ki na ti a tuergy to tba projactila in 
light 

By iscr osa is g tba length of the projectile, 
or by eaerilcing some of tbe warhead volume, 
a rocket motor can be included ia tbe projectile 
Tbe rocket throat add* kinetic energy te tba pro- 
jectile ia flight. The leeuHiag projectile in called 
a “rocket a mi a te d projectile," or, equivalently, 
a "gun- boosted rocket" The burning of tbe rochet 
fuel can be controlled, er • ‘ programmed, " to be 
lem than tbe drag focee, aoptotiautely equal to 
drag, or very much grader for a abort period. 

Tbe a dditi on ef a rocke t motor iatmm the 
amt of the p raje eti ia and ineromm the ateeage 
egaaa roqairod far a gives damrwetivo capability. 
An tddad UmHotien an mimli naergy ia htrodwead 


by the maximum aet-baek acceleration which the 
propellant can tolerate without crushing, but thia 
limiting acceleration ia surprisingly high. 

6-2. MOMBKTUlt LIMITED SITUATIO* 

6—2.1 Variation ef Xuxlo Energy, Chamhet Plea- 
sure and Propellant with Weight ef Pro- 
jectile 

Because of the act-back amalcration limit, 
rcckct-aasiated projectiles are uoually made heavier 
thau the conventional ammunition fired from the 
same gun. The muzzle velocity ia then limited by 
the capacity of tbe recoil system, and daexoams in 
proportion to tbe increase ia projectile weight. 
If we use tbe subscript "ttd" to identify the 
-symbols relating to a projectile which it launched 
at tba munle m om entu m limit, than 

squaring, rearranging, and dividing hath aidm 
by two givm 

♦ «V - am Pm 

Equating asuzale energy to On iatagral af the 
work dona an the projectile by gas preamuo in tba 
gun givm 

A f. ***** 


P, at chamber preamuo 
A = bore area 
L a hero travel 


•4 


<0 


where 
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the piffirr trim) curve* have the tame 
shape, P. — kP.^ and P, = then 

mal e energy and chamber premure, and conse- 
quently the weight of gun propellant, are inversely 
proportional to the weight of the projectile, in a 
momentum limited situation. 


t — 22 Variation ef Setback Acceleration 
The netback acceleration, a, k given by 


m m m **- P . 

* _ _i r 'et A 



ao the setback ac cel eration ia inversely propor- 
tional to the square of the mam mrio. 


A— 2J Effect ef lschat Addition an Projectile 

The redaction ia weight, and volume, of gun 
propellant allows some of the extra length occu- 
pied by the racket motor to be inserted in the space 
previously occupied by gun propellant. Whether, 
and bow, this is done depends on the characteristics 
ef the gaa tube and loading system involved 

Large m e r e mm ia range require, if warhead 
w hm e ia aorta be e rr o rs! / reduced, aa ia rt e— t ia 
projectile length. Iiprrwawe boa shown that spin- 
stabilised pwjeetilm l ing e r than • calibers anally 
req ui re a high spin rala ter gyreompis stability , 
in the abmu ra of racket thrust these p roj ectiles 
slew down aa maeh oa a high angle trajectory that 
their equilibrium yam beeomee dangerously large. 
However, wbea the projectile velocity is maintained 
bjr a racket whisk bam nearly to the eammit ef 
the trajectory, spin ef bibaatina may be seed far 


projectiles as long as 8 calibers, or poaubly longer*. 
At 10 calibers, fin-stabilixatioa ia almost certainly 
required. 


6 — 2.4 Effect ef Socket Additieaa ea Accuracy 

Long- burning rockets, some times called “sua- 
taiiier" rockets, with thrust approximately equal 
to drag, ran hove a proving ground accuracy (no 
wind) very little worse than a conventional round 
fired from the same gun. Thrust malalignment, 
which contributes heavily to the dispersion of feat- 
burning rockets, ia a minor factor ia the low-thrust 
rocket Variation in rocket fuel specific impulse 
contributes to rocket dispersion and accounts for 
the slighter inferior accuracy of long-burning 
rockets compared with conventional projectiles 
when both are fired in the ahcencc ef wind. How- 
ever, a long-burning rocket ia lam affected by wind 
than a conventional projectile, an that combat ac- 
curacy of tbs rocket omitted round might well be 
better than the couveutioaal. 

Accuracy in slyest of wrhst amietid projec- 
tiles, both spin- and fin-stabilised, arc presented 
in Bullock and Harrington, Swannery Boport eu 
Nfsdy of tkr Qun-BootUd Socket ffyttam, Bef. Iff. 
That analyses, with supporting experimental data, 
are very useful for design; an extensive bibliog- 
raphy is alee included. Initial yawing valee i ty, 
dynamic unbalance, and wind an identified aa the 
major tou ram of dwpcraioa of gpin CtihiKeid 
rockets; thrust malalignment can ha significant 
in cam* at high thrust and alow gk Dynamic 
unbalance is set sign infant fer teams, hut fin 
■symmetry and thrust sudaligamest can ha if the 
roll rat* ia too low ; wind io aim a major s ource 
of dispersion hare. The r easons for the email wind- 
sensitivity of sucUiaer roe h tta an aim dieenmid 

• apirtsl teilsitsg ef the eg. hsSs neg he wmti it 
ia wtsr te she tieesii leehs MU w eS the meeds esk 
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CHAPTER 7 

LIQUID-FILLED PROJECTILES 


7 — L GKMXRAL 

Projectile* having an inner cavity whieh k 
partially or completely filled with liquid are a 
special case of t he elaas of projectiles having a 
aourigid internal stmetare. The yawing motion 
of a projectile has anally such a low ener gy son- 
teat that small transfers of ene r g y between the 
internal parts and the wall of the projectile can 
iwereaae the yaw significantly. When the mass of 
the nonrigid part k large relative to the mans 
of the projectile, ae it k in the coat of some liquid- 
filled projeetiiea, the yaw may i a er emi very 
rapidly. 

The instability of liquid-filled projectiles has 
lm itpdiifl. tWwtli illj tad g 
by Karpov, Ssott, Milne, Ot a w i rt asn and otb sre . 
Basse of tkk work k reported in Rtfs. 71 to 73. 
The investigation k net complete; the et atemeat a 
made in the fallowing paragraphs r e pre sen t cur- 
rent (1944) s sneipts and op inio n s. 


7— & SF*BCT OF SLOSHUG Of LIQUID 

rauut 

Differences ia the t h e m is I co ef ficien t s of ex- 
pansion of projectile body sad liquid make it im- 
pnetieal to completely fill a projectile cavity with 
liquid. Mechanical devieoa for sBnwisg the osvity 
ephtaw to ofeaago with the ehaags ia liqaid voltune 
are pomihls, hot ae* math need. Wk of 96% 
are seaman ; mat p ro j aa til m may ho fii-vd to 96%. 

It has ham fmad that the ilmhiag s h o ut of 
the Ml in a temtohitked nreieetik dam not in- 
men the yaw. Be a kmpie sstutka of the prob- 
lem sf liquid « k to not fia-ctebiHntka Tkk 
k not always faarihie; WnttaHiae m pr o ju tfle 


length may reduce the volume of a firmer below 
acceptable limits, or spin-sta bilisation may be 
desirable for terminal effects. 

7—3 COXPUTATIOV OK DKSIOX 
PARAMETERS 

The dkeuamon which follows applka only to 
spin otahilked projeetiiea. 

7—3.1 Gyreneepic Stability factor 

The g yros c opic stability factor of a liquid-filled 
projectile k given (approximately) by 

/* 

** " i <Jw g + « j* t ) a 

whan 

/. a: axial m o m en t of inertia 
^ of rigid parts, atag-ft* 

inertk of rigid parto, 
slug-ft* 

c = a constant related to the 
viscosity of the liquid; 
for water, e ss 09 
/» t = transverse moment ef 

inertia of liquid parto, 
slug-ft* 

* tb-ft/radka 

The rigid parts tarfu de hath metal parto and 
high explewvu ; the t r ea t wa s meareuta of inertia 
are mm p a t ed shout the total tfi. at tha pr a ja a tfl a , 
with tha liqaid 111 IHtrilalil « a hallow cam- 


14 
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centric cylinder occupying the fall length of the 
cavity. 

7 — 2J Dynamic Stability Factor 

The dynamic atahility factor — computed in the 
uxua) way from aerodynamic roeAeienta, czorpt 
that li ia given by and M by 

(1, B + e/, t )/'((m, + a*t) — muxi be auch that 
the projectile would be dynamically liable over 
its trajectory if there were no interaction between 
the liquid fill and the projectile wall 

7—13 Spin Kata 

In the transient period, during which the liquid 
fill ia enquiring a spin rate equal to that of the 
projectile wall, the tnuto of angular momentum 
from wall to liquid will redoes the spin rata of the 
wall. TW redaction in apin rate may be eery rapid 
if the liquid fill has a high vi sco sity , or if ha files tied 
to the projectile wall are placed in the liquid. On the 
theory of paragraph 7-43, abort, that the angular 
■omentum of the liquid dose not contribute to a* 
the projectile may b ecom e onatable However, the 
transient period ie then ee abort that bafike (or 
high riaeoaity) may actually improve the Sight 
Hafim can be designed simply on the basil of the 
•erqne exerted on the liquid in f -ing it angular 


velocity and on the shear, doe to setback, at the 
roots of the baffles. 

7—4. RIGID BODY THEORY 

When all of the liquid is rotating with the same 
angular veicaity as the projectile wall, the pro* 
jectile ia mid to be rotating as a “rigid body.” 
I f the liquid were not ail of the asms density, the 
heaviest fraction would be closest to the projectile 
wall as a result of the eantrifugal field, which re- 
wmhles a gravitational field. The air space, then, 
ia as far away from the projectile wall as potable, 
surrounding the axis of the projectile or any aolid 
core, such as a burster tube, which may ha posi- 
tioned along the projectile axis. 

Stewmrtaon’a theory is concerned with the in- 
stability of liquid-filled projectiles rotating as a 
“rigid body.’’ It wee darivud tor cylindrical can- 
ties completely or partially filed with liquid of 
uniform density and low viscos i ty; the behavior 
of tern groups of rounds of varying gsomstay 
end percentage of cavity filled has been surnms 
fully predicted by the nee of this theory. The pro- 
jectile cavity need not be precisely cylindrical 
near its ends. Tba neceaaary formulas and tables 
for applying 8tawsrtaoa’s criterion of instability 
are contained ia Karpov, D y namic* of Liqoid Kllod 
KktU, BEL Memorandum Report 1477 (Ref. 72). 


74 



( 


it 


an 


anMmlsaanthdi 


si 


Downloaded from http://www.everyspec.com 


/ 




* 


* 



\ 

CHAPTER S 

RANGE TESTING OF 
PROTOTYPE PROJECTILES 


AMCP 706.242 


8—1. GSHBKAL- 

Very few projectile* ere completely satisfac- 
tory a* first designed Metal pert* fmi'iure is rare, 
but the first test firings usually show that either 
range or accuracy is not ss good s* was desired 
or expected. In instances where the first group of 
ten or fifteen test rounds fired gave excellent results, 
a second group has often failed u confirm the good 
results of the first Condnsioas are drawn from 
the behavior of the test rounds; design changes are 
nude on the basis of these conclusions; and new 
prototype rounds are made and fired. This test 
and change s equ en ce may go on through many 
eyelcs before an acceptable design is reached. 

\ The difficulty that a designer may encounter in 

translating a round from the drawing board into 
a useful weapon is described in the following ex- 
cerpt from the report of K. R. Dickinson, The Ef- 
fort* of daintier Brags sad Grooves, end of Body 
Vndtrertt oa tko A erod y n a mic Properties of a 
Con*-CyU*d*r ProjtrtiU of M — 173 (Bef. 80) : 

Often, in a projectile’s progress from the de- 
signer’s drafting board to the assembly line, there 
arw many changes seeds in the details of the pro. 
jeetile’s contour. As a result, the actual aerody- 
aaasie performance of the projectile may differ 
from that of the designer’s prediction. 

Almost all of the basic design data on projec- 
tiles concerns itself with smooth contours and 
rimpie geometric shapes. Whan practical eonaidcra- 
tiosM eater the picture and fusee have to be at* 
tasked , reliefs have to be machined, rotating bands 
have to be added, a pr oj ect i le which may have been, 
originally, an o ptimum one, often falls short of ex- 
piftfltioQi. 

The engineer, who translate* the halhwieien’s 



design data into a practical piece of ammunition, 

should be cognisant of the differential corrections 

that have to be made to the predicted behavior of » 

the projectile. The pnrpoae of this report (Bef. 80) 

k to show the effect, on drag, lift, and pitching 

moment, of depressions and protrusions on the * 

surfsee of a body of revolution. Unfortunately, __ 

there were insufficient data to determine effects op 

the damping and magnna momenta and fore**. 

Obviously important to the designer is the 
soundness of the conclusions on which the design 
changes are based. This soundness is directly re- 
lated to the care taken in preparing for, firing, 
and analyzing the firing teat 

8—2. PRE-FOE DATA 

It is important that foe designer knew exactly 
what was fired and how it was fired. He must 
know what equipment was need for m e asurin g the 
test parameters, tad as velocity, time-of -flight, 
and target impact, in order to semes foe accuracy 
of the numbers presented to him. Bash round fired 
must be precisely identified so foot its performance 
can be tied to its physical characteristic* as deter- 
mined before firing. 

For each round, foe following physical charac- 
teristics must be determined and recorded before 
firing: 

« 

a. Individual weights and dimensions of ell of 
foe significant com p on ent s of foo round. 

b. Weight and center ef gravity location of foo 
projectile, ineiadiag its mmaleted lethal 

oharga. / 

e. Amount of iccstoriwity of specific compe- 
nsate relative to a Am refirsisi axis, 


U 
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when assembled into th- complete projectile. 
<1. Asia) and transverse momenta at inertia. 
(Moment of inertia data may be omitted if 
the projectile ia fin-stabilized and it ia known 
from a previous test that dynamic stability 
ia not a problem.) 

e. Surface irregularities which could cause dis- 
ruption of proper boundary layer fiow. 

f. Bound number or other identification, which 
should be permanently marked on the pro- 
jectile. 

experiences in the manufacture of proto- 
projectiles indicates that there should be no 
difficulty in meeting the following tolerances: 

a. Projectile weight: ±0.6% design value 

b. Center of gravity location : ± 0.C5 inch 

e. Beeentrieity : ±0.006 inch 

d. Moments of inertia: ±2.0% of design value 

• * 

Praetical methods of m ea su rement of projectile 
characteristics ere described in B. B. Dickumon, 
Physical Jfsamrsmsaie of PrajoeHUt (Bef. 74). 

8 — 3. TBSTIHB 

The primary fhnetion of the projectile teat fa- 
cility ia to acquire ratable and unbiased test re- 
sults. Engineering ehahgm must not be baaed on 
san clntinn a that are statically unsound; aeeord- 
ingty, the teatmustbs planned to provide sufficient 
data tar a a ta t iatim l anatyais-lB«f- 74). It ia the 
respo n s ib ility of the testing officer to 
plation of the test, as pUnaed, or to reeord any eon- 
dition which will make completion impractical. 
The two types of testa, st a tic testing and Sight tast- 
ing; are described below. 


b. K rag mentation studies 
*. Smoke testa: chemical type, shape, volume, 
density, etc. 

d. Socket motor performance 

e. Propellant and high explosive ignition ay*- 


• Many of them static teats involve design fac- 
tors which contribute to the mam and mam distri- 
bution, and directly or indirectly effect flight 
characteristics. 

8—3.2 Flight Testiag 

The mission of the projectile determines the 
type of flight test conducted. The two most com- 
mon tests s re to determine vertical target accuracy 
and range (distance), each of which is dieeumed 
below. 

8— 3-2.1 Vertical Target Accuracy 

8 — 3.2. LI Measurement ef Accuracy 

For vertical targets, the accuracy ia expressed 
in terms of two probable errors, P.B.* and P-H-v- 
Them indicate the distribution, both horiaoo tally 
and vertically, about a center of impact 

8— &2.L2 Temperature Baage 

Teat ruin ate generally spseify temperature con- 
ditioning of the teat projectiles, for a bi-hour 
period prior to firing. The throe 
usually employed are: 

a. Hot: 

b. Standard: 70*P 
e. Cold: — 40*F 


8-4.1 Static Testing 

Static tenting ta an intermediate design tool, 
which is particularly useful in determination of the 

following: 


Mae angle, ate. 
type, volume, 


( 1 ) 

<*) 

<*) 


<«) «Btt <tf tyin 


high sxpleaive oharge: 


8— A2.U Data! 

Ia vertical targst accuracy taste the projeetilm 
are fired oo a flat trajectory and the following data 


a. Projectile id e n ti fica t ion; round lilmHfMofliiii 
h. Ona idoatifleation and oondition 
a. Charges la gun elevation or aabnath (It 

d. Target di a tanee from gun 
a. 
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f. Coordinate* of points of impact 

g. Ground level meteorological conditions 

h. Terminal velocity \ 

i. Time of flight ( Not always 

j. Chamber preasnre / observed 

k. Early yaw ) 

8—3X3 Kaip (Distance) Accuracy 

8— 3X2.1 Measurement of Accuracy 

When tasting projectiles for distance, the ac- 
curacy is measured in these two ways: 

a. Probable error of range; indicating the dis- 
tribution forward and aft of a calcu l ated 
mean range. 

b. Probable error of deflection: indirating dis- 
tribution to the right and left of the center of 
impact Deflection P.B. ia generally ax- 
p wad in auk, baaed on the mean range. 

I— 3.2X2 Data Recorded 

Thaae pro jeetilea are generally tested through a 
range df quadrant elevations and the following 
data an recorded: 

a. Gun and projectile identifications as in flat 
fln 

b. Quadrant elevation and aaimntb of gun 

a. Mnsila velocity 

d. Ceeedinataa of paints of impact or burst 


AMCP 706-242 


e. Meteorological data at ground level and 
aloft 

f. Time of flight 

g. Chamber pressure 1 Not always 

b. Early yaw j observed 

8— 3.2X3 lastrumeatatioa 

Subsequent field teats may be conducted undn 
localized weather conditions, such as at the Arctic 
Test Branch, Big Delta, Alaska Instrumentation 

available for recording flight data are: 

1 % 

a. Photography: Pictures taken at muxxle show 
growth of smoke cloud which ia related t<> 
adequacy of obturation. Sequence photos 
record discarding sabots or record spin ac- 
tivity. 

b. Taw Cards: The projectile ia find through 
a aeries of strategically located soft-card- 
board panels to record the attitude of the 
projectile relative, to its line of flight 

c. Radiosondes : A small radio transmitter 
built into the projectile ia actuated upon 
firing. An on-ground receiver, being sensi- 
tive to the roll orientation of the transmitter 
tiitflBnfi l is iblt to rteord tbt spin hkt of y 
of the projectile. 

d. Bader: Radar tracking can provide position 
and velocity date throughout the flight 


PO 
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CHAPTER 9 

MANUFACTURING TOLERANCES 


0—1. DIMENSIONAL CHANGES 

Cost factors necessitate that tolerance* on part* 
being produced in large quantity be leas stringent 
than prototype manufacturing tolerances. Dimen- 
sional changes, to facilitate production, may be 
made only when the flight results will not be sig- 
nificantly impaired by the change ; this implies that 
standards for high product: m runs can be estab- 
lished only after statistical analysis of prototype 
firing test data. A brief example of the type of 
analysis considered is presented below. Reference 
should be made to the Engineering Design Hand- 
books, Mxptrimvtfal Btatutiu, AHCP 706-110 
through AMCP 706-114, for a thorough treatment 
of this important phase of data analysis. 


•—LI Problem 

Fin misalignment relative to the longitudinal 
ash of the projectile is recorded during preflight 
inspection. The SMemblies accepted i' this time 
must meet the requirements of prototype manu- 
facturing. After test firing the accepted pro- 
jectiles, the impaet dispersion at target ia re- 
corded. 


9 — 1.2 Analysis 

A simple r sg re mio n analysis of fin misalignment 
wane di s tance of hit from eon tar of impact will 
produce numbers indicating the sffeet of misalign- 
ment. If the analysis in d i cs t sa insignificant cor- 
relation, the to lera n ces on the fin yrhieh 

control alignment may be relaxed. 


9—2. PREDICTED PROBABLE RANGE 
ERROR 

Table 9-1 presents estimates of the probable 
variability of those projectile characteristics which 
most significantly affect range. These estimates 
were gathered from ballisticiana at Pica tinny Ar- 
senal, Aberdeen Proving Ground, and the Naval 
Ordnance Test Station. The last column in the table 
presents sensitivity factors for a particular rocket- 
assisted projectile when fired for maximum range. 
These sensitivity factors, which rep r es e nt the per- 
cent change in range caused by a one percent 
change in the associated round variable, were ob- 
tained by trajectory computations aa described in 
paragraph 4-2. 

The predicted probable error in range, in per- 
cent, due to each variable ia therefore the product 
of the probable error of the variable and its as- 
sociated sensitivity factor. Under the usual as- 
sumption that the errors an indepandeat of each 
other, the resulting range probable error of the 
projectile, in percent, ia the square root of the sum 
of the squares of the individual products. Vector 
sums of this type can be significantly reduced only 
by reducing their large components. Obviously, a 
significant improvement in the range dispersion of 
rocket-assisted projectiles could be obtained by 
reducing the ronnd-to-round variation in specific 
impulse. In the abeence of rocket thrust, variations 
in drag coefficient become moat significant ; dis- 
persion might be improved by closer control of the 
external contour of the projectile. 

The foregoing paragraphs apply to high angle 
indirect fire. Aa the quadrant elevation ia de- 
creased, the relative importance of the various 
factors changes so that in direct fire the moat im- 
portant hems are quadrant elevation and aerody- 
namic jump. 
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TABU *— 1 

PROBABLE VARIABILITY OF ROCEET-ASSISTED PROJECTILE 
CHARACTERISTICS AMD SEBSITIVITY FACTORS WHICH 
AFFECT RANGE 


RowM VmiaiU 

Prokakia Error « % 
af Mam af VariaAU 


ProjaatUa Wofiu 

AS 

At 

Rank VaJocrty 

AS 

A3 

Faai WaigAt 

AO 

.IB 

Fad Spaaifle Iatpika 

LOB 

AT 

Fail Bvraiag Bala 

AO 

AS 

DngCoaflAnact 

AT 

.17 

Balliaha Daaatty of atf 

AO 

.17 

Qaarfwat Xbadka 

OB 

jB 


*-4. PYHAMIC STABQ.IT Y OF 175-101 
PROJECTILE. MUTT 

Tka trajaeUry mim >«t aaa ta TaMa M Am m 
that tka MAXI yrojaabla froO at 46* ^aaAraat 
ilwalia aad >000 fya amah oad wt y. MB fly at 
a Mack aaakar cdaaa ta 1U mr tka wt Aa Aa- 
ina ili aj itwk of rtt trajactary. Safari a< la tka 
■iraityaaaii Sato a TaMa M. a» aw tkat B Aa 
M*A oo bItt Twaaitp tka i iyo lt d raiataf a 
ciaaa ta IB, aa Hat a mil iaWf bIw af tka 





raaaa of tka mail ana of tka yaw laooL Aa a «a> 
wa atm ty of tka atakilAy af tka ptajaatili la 


aaatar af gravity baabaa 


Tka raaa.ta af naat (1M4) ■« Apa if-boo- 
<ioB ooBpatar raaa at BUI akaa tkot tka HafT 
pro jaetilr Maud pro p art y antk oanatiaaa af ooar 
Imf Madud daaataaa froa tka aim Mad la 
tka atpan a Mat al rahaaa. kat rortaMaaa of too 




m 


«aa loaf la trmkla owa vkaa tAa kaata Aaipt af a 
pwjaalUa A «aAt aMfcda 
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TABLE *— 2 

BAXPLZ TBAJBCTOXT BOB 175-KM SPIV-STABILIZED PB0J3CTILX, 
MAX, AT Q.E. = 45* 


FTO FFM 
l.OCO 1.000 


TYPE RCA RGT 
.175 .369 1.297 


O.FT 

.5730 


WTO 

VO 

SPiS 

SBT 

DTK 

TWIST 

QE 


147.50 

3000 . 

• 

.0 

.300 

20. CO 45.000 


WTB 

2' 

TEMP 

OTL 

OTE 

CD02 

CLP 


147.50 

• 

59. 

2.0 

.350 

5.80 

-.015 


.001189 1116.0 







TIME 

X 

OIST 

V 

CO 

CMA OR 

MASS 


THETA 

z 

THRUST 

DRAG 

YAW MACH SPIN S6 


.00 

• 

• 

3000.0 

.203 

3.62 

1.000 

4.58 

.78 

• 

• 

562.1 

.000 

2.68 

.3^4 

1.95 

.06 







3.46 

6895. 

9621. 

2577.8 

.222 

3.73 

.806 

4.58 

-75 

6709. 

• 

366.5 

.001 

2.36 

.342 

2.80 

.07 








7.92 

14749. 

20213. 

2198.8 

.240 

3.87 

.642 

4.58 

.71 

13815. 

0 

729.5 

.002 

2.C7 

.379 

4.17 

.10 







13.66 

23745. 

31770. 

1858.3 

.260 

4.04 

.509 

4.58 

.66 

21066. 

m 

140.3 

.003 

1.80 

.628 

6.38 

.12 







21.01 

34145. 

66262. 

1552.6 

.279 

4.30 

.408 

4.58 

.52 

27972. * 

0 

84.4 

• 

o 

o 

1.54 

.491 

9.86 

.16 







30.86 

46693, 

58090. 

1282.1 

.307 

4.61 

.322 

4.58 

.31 

3371.1' 

• 

50.1 

.015 

1.30 

.572 

15.85 

.23 







43.01 

60831. 

72479. 

1108.3 

.332 

4.99 

.289 

4.58 

-.00 

36054. 

0 

36.2 

.023 

1.14 

.641 

20.48 

.30 








58.01 

76566. 

88752. 

1092.1 

.335 

5.08 

.342 

4.58 

-.**3 

32435. 

• 

42.0 

.019 

1.10 

.627 16.30 

.30 








73.01 

90373. 

105834. 

1193.4 

.326 

4.93 

.486 

4.58 

-.78 

22521. 

• 

69.4 

.010 

f .16 

.545 

8.93 

. 1 ° 

101738. 

7882. 





88.01 

-1.02 

124410. 

1265.5 

124.2 

.325 

.005 

4.92 

1.16 


4.58 

4.21 

.30 






TlHf.S 

85.16 

rake.m 

32J3*. 

V.FPS 

1247. 

THETA.D SPIN 
- 43.8 .452 

SC 

2.95 
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TABU *—i 

ABSOCYBAJOC BATA *CXBT FOB 175401 MOJBCmS, WV 



tEfosr 

DATE 

TYPE Of TEST 


lb 


ML-UMputlltAtO Date 
1903 

frm fUfht 

147.5 


Muub |VWoc**lpA 
(Sp*nfaN,rp» 
d.h 

y, fod/ooi 


3000 


-2SL 


0.573 


0.3i« 


< 

•.01 .4 















































s 












1 

L 









I 



Modi No. 





7.0 


Ir+jg-h'.L*. 
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accuracy. The iuality of earmtai or freedom 
from error. C*. ywrinw. 
accuracy of ire. The eorreetnas of fire n judged 
by the distance u f the center of impact from tie 
center of the target. 

weens tic eotodty. Toe velocity of sound worn, or 
■ tiler n>«, is a given median. For variation 
with altitude, in air. « t : Standard Atmacphere. 
aerodynamic jump. The avenge deflection of the 
trajectory which anas from the alternating lift 
fores aw n yawing projectile. Drift, which 
arms from a now-aero equilibrium angle, in not 
included in aerodynamic jump, 
ai np sal. The apoad of a projectile relative te ‘he 
air ia which it ie iscwrwx'. 

AHC fahh r). Army Heiene. \ mviaad. 
aagk of jump. The eagi* beta v. tit line of eb- 
vatiaa ead the Hwe of de.mrtur' 
eagle of yaw. The eagle (wvwa l>< dtasbea of 
■ et i ea of a projectile ax; ti.« (fiAtina of Ue 
asm Ia wmpwtiag ae*t<jT'* .ic ’trari ia the 
ptuman «fa lahsal wiad tb.» v tv awgU ■ baaed 
ea the d irst m a of the fdadh a '*®d, rather thaa 
the dirortioa of a e ti e a of the t ,r 
at ms y ba ri c ree ilflis Srr: mew ^ vbgtcef data. 
**bl drag. The component ef thi Madyuaic 
feme ea a body ia the diroetba of U* Inagitad- 
iaal asm ef ismilij 

sab l’ elect etherwme epecifled. the bcqpu<l<ael 
asm ef eyamsry 

ability of a projectile s sinew i atr rwjetma .-i 

It ie dependent apaa the maoe, diameter ead 
brw (nets, ead wee widely need ia tro j eeteey 
sb wbtw s before the advene ef the sb e twa i e 
digital wmpmter. 


balli s tic range. A suitably instrumented area or 
eaebeore ia whieh projectile trajectories eaa be 
ckeely observed, u by park photography ; anah 
yais of the observations eaa yield good aatiaataa 
of the aerodynamic cocfSeicnta of the projectile, 
blest sae. The aoae of taihulont air ead propel, 
but gees through whieh a projectile moot fly 
m it leaven the Bosnia at the gua. The bleat 
aooe ends where, and when, the projectile eaten 
undisturbed air. 

boattaiL The bene of a projectile when ahaped like 
the fruetem of e eawe (at like a ret rea d ogive). 
; agaaro ham. 

haem. The central stalk or sleeve to whieh the flae 
nf a ftn-atobiliaad projectile arc a tt a ch ed, 
here. The interior ef a gua barrel or tuba 
boundary layer. A thin layer ef air (or othar 
fluid) nest to e body, dietiagumhehb f|um the 
main flew by chaiastaaietbr of its own, set np 
by frietiew The layer within whieh Ue major 
effects ef v i a n a ity an eaaeeatratod. 
h a orr ob t The eyhadrieel eartaee of a projactib 
m which the projactib haem whib ia the hen 
of the woo p aw Can vents sally the h c urro let b 
bested jest aft of the ogive ead bee a slightly 
larger diameter thaa the amis body. Ia some 
caws the bo m robt extends the full length ef 
the cylindrical body. Ia sees designs a middle 
boa m bt w provided just forward of the rotating 
hand la oome othar daeigao a rear boambt ■ 
provided behind the rotating bead, ead ia fla- 
atabtlited deaigae a abroad or ead plats ea the 

» sam let diameter. The wsttwom dieseSr ef 
«S* projactib. The frontal ana need ia the 
mmpntotba ef parody— ab ecsdhcbats ie honed 
«* tha diameter. 
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haw wav*. A shock wave caused by the compression 
of air ahead of a projectile ui flight When thia 
vire touche* the tip of the no*e of the projectile, 
it it called an “attached bow ware” or “attached 
ehoek ** 

111 (akbr). U.S. Amy Ball otic Beaeareb Lab- 
oratories. 

taraiaf rata. For »*dU f»n>|«*-ll*ui fucU. lbr rate 
of motion of the burning surface (normal to 
itself). 

hmnt The termination of eoasbuttioo ia a rocket 
motor owing to ei ha nation of the propellant sup- 
ply. 

colter. The diaamter of a projectile or the di- 
ameter of the bore of a gun. In rifled arms, the 
caliber it ntMued from the wrfaee of one land 
to the surface at the Sand directly opposite. 
Often the ealibrr dcaignation ia boned on a naaa- 
inal diameter and rep eaae n ta a eloaa approxima- 
tion rather than an exact measurement. 

Caliber m«y be need aa a unit of length; for 
example, a t-ineh 50-ealiber gun (6"/90) would 
knee a bore diameter if * inrkm and t tube 
length of 90 calibers or 29 feet, ■ te en red from 
the breech face to the male 

calotte Sat: tncplat 

eenMr of I m po rt . Center aC the diepetsoou pattern 
Calculated aa thong! it wars the center cf grarity 
U n oystem at diaetetc unit mnm p lac e d at the 
painta cf impart at the individual rounds af the 
**e*P 

anrtar of pcemnra. The paint an the ask of a 
projectile (er an the chord of a to) through 
which the imnltant of a grin act at aar e d y namie 

chanter pceann. The prcaearc ex intent within 
the gna (heather at any time aa a raanit af the 
hnnriae at the prepetlent charge. Thin pi m ou r* 
naemnOy ranee from a tm o spheric pesm n r e te a 
peak pr—ntt wtoeh n attained when the pro- 
jectile an* t rav eled a teat d n tanee . then de- 
ereaeaa eteadily until the projeetila tnccpm hum 
the metric. Is thin hetdhaefc P, ia idea ti lod 
with the grmaais nkttug at the haae cf the pro- 
jectile, although te two pwma an a at anal- 


smaller then after the projectile hex acquired 
a targe fraction of its final velocity, 
complete round. All of the components of am- 
umiitiou iifteturj- to fire a given gun once, 
centre! rounds. Sea: re fer en ce rounds, 
damping a x pana at A numerical measure of the 
rate of change of the amplitude of an uari(latiug 
motion. 

defiectiam probable amr. The directional error, 
r aimed by dispersion. which will be exceeded aa 
often e» twit, iu a large uumber of round* firml 
et a ninjri- gun setting. It ia approximately one- 
eighth the greatest width of the dispersion pat- 
tern (for Urge samples), 
density af air. The near af a unit volume of air. 
It varies with altitude, generally decreasing a* 
the altitude inc reases, since it varies with the 
current temperature and ba r om e tric prim ore. 
When * is altitude in feet (* < 90,000) above 
are level, la Kf,a) »J.IX 10“* k. g* the stan- 
dard density of dry air at 5#*F and 14.7 pai, 
ia 0.002378 slug/ft* (NACA 1»42). 
derivative. The rate change of one variable with 
respect to another. In projectile aerodynamics, 
the rate of e ban ge of aa aerodjraamie aosfleiant 
with respect to a change in the magnitude of the 
yaw angle. e.g, the dope at the C» vs a curve 
give* the static moment derivative, C Mm . 
diferantiel caetetet. Sat: amrittvtty faster, 
difermtial arisen The efbetn upon te dements 
at the trajectory due to vans time tram ataadard 
cunditioaa. 

lispsrrisa. Thr arattering at shots ftrad an a target 
by I be same gun (or groop at gum), 
disparate amr. Cbaaee variation in a aeries of 
■beta eves though firing c o n ditio ns an kept an 
n— tnf as pemthl* Fee practical purposes tbe 
il iep er si an error of a particular ahat ia eoaaiderod 
tbe distance from the point of impact or hurst 
af that abac to the cooler at impost or hunt 
dtapsnte pattern. The dietrihutieo at te points 
at impart of * aeries at rites ah t n l nod under 
nadkisa* m nearly identical an pcmihla. 
intrthottsa Patters af pe u jer tU n ahawt a paint. 
TW art cf raises taken ashy a madam vari able 
in mawurivv triaU. 
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yaw. In tfcr flight of a projectile. if thr 
ah id 4 * of yaw iuemnss from the initial yaw, thr 
yaw ia said to lv diverging. 

CnmpoiMHit of air moxtaiwr in thr ilirw- 
tioa opposite to that of thr motion of thr rent rr 
of jrraviiy of a projretilr. 
ta| ceeficwnt A uuailirr relating drag fom- 
to thr dynast* p rraaa tv cf thr air stream ard 
to thr frontal area of the projectile 
drift. The lateral deviati-in of the trajectory of 
a spin-stabilised projectile, die to the equilib- 
rium yaw. 

dynamic pressure. The prewar* exerted by a fluid 
solely by virtue of its relative motion when it 
atrikea an object. Proportional to density and 
the aqua re of relative velocity [q = (^)a F*l. 
it ia obvioualy related to the kinetic energy poa- 
aeaard by, or imparted to. the fluid. SometiaKa 
called " velocity bead.” 

and plat*. A narrow rectangular plate integral 
with the tip of a fin, forming a T when viewed 
ia the ehordwia? direction. The other aurfac* 
of thr plate ia curved to conform to the radius' 
of the gun bore, aa thr rod plate supplies a rid- 
ing surface for thr fin ia the barrel, aa well aa 
increasing tbe lift of the fin by preventing tbe 
flow of air around tbe fin tip from the lower to 
the upper outface. 

oquflibrlam paw. The yaw aagir to wkiek the 
yaw of o dynamically stable projectile decay*. 
Part ef tkia oogie ia doe to asymmetry of the pro- 
jectile, part to the effect of gravity, 
orroc. 1. The difference between an ol wm d or 
calculated value and the true value. 1. fu gun- 
nery, the d i v e rg en ce of a point of import from 
the eeuter of import. 

income ratio. Ratio of length to diameter (I/d) of 
a projectile. 

ia atoteHtod Of a projectile, made etetieolly ttabir 
by the aerodynamic moment arisiag from the 
pram o ee of lifting surface* aft ef the e g. 
firtog tahto. Tabio or chart firing the data needed 
fhr firing a fu aeearate’y on a target under 
standard aonditions and atm the cormtioos that 
■mat ha anb tor special conditions, tuck ao 
winds or vnriatmna of te mper a ture, 
tat ham, D w trtp c Hu of a projectile with a cylin- 


driral base serf ion, aa opposed to a boattall, which 
mv. Sumetimr railed “square bona." 
form factor. Factor introduced into tbe denomi- 
nator of flic balliatic rurfBeient (q.v.), based on 
lilt- .tlutpr of tin* projectile, 
free stream. The flow of air or other fluid uudia. 
nirbnl by tbe presence of a (relatively) amoving 
Ixely : specifically tbe relative flow of air ahead of 
a shock wave. 

friagiag groove. A groove cut into a rotating baud 
to collect metal from the bond while it travels 
through the bore. Ercom metal ao collected ia 
prevented from forming a fringe behind the 
routing band. Fringe formation has been a 
cause of excem dispersion and short rang*, 
frontal ana. The ana of the greatest circular 
cross-section of the body of a projectile 
j 8 = (*/4)<P] ; need ao the reference ana in de- 
fining tbe aerodynamic coefficients, 
gravity drop. Iu ballistic*, tbe vortical drop due 
to gravity ; equal to one- half the acceleration due 
to gravity multiplied by the square of tbe tune 

of flight. 

HEAT (Mr). High explosive antitank. A term 
used to designate high explosive ammunition 
•ontaining a shaped charge, 
kit. An impact on a target by a projectile, 
hit probability. The expected ratio of number of 
hit* to number of projectile* find at the target. 
HVAP fa** ). Hypervelocity armor-piercing, 
hypamtk. Of or pertaining to the s pee d a f oh- 
jerta moving at Modi 5 or greater, 
impact velocity. The v el oci t y of a projectile at ths 
instant of impoet om tbs target or target ana. 
Abo called ’‘striking velocity.” 
imp* bo, total. In rocketry, the product of the ov- 
crag* tkrurt (ia pounds) dev el o p ed by the motor, 
time* the burning time (in m son da ), 
increases t. Aa smouat of propellant added to, or 
taken away from, a propelling charge of semi- 
fixed or separate toodiag amasaaitiou to allow 
for difference* in range. 

tadlrort fire, Gunfire de li vere d at a target whioh 
cannot hr man from the gua poa it ioa 
tnklMtar. A autrrial applied to surf sees of pro- 
pellant grains to p r o v e nt burning on the mat ed 
surface* 



.( 
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mam. Tbr Maw of a iwkri'Miwlnl pm 
jrctilr ai. tbr aU rt of burning of the rurkrt pit' 


pel last. 

«tn«i yaw. The yaw ot a projectile as it leaves the 
muxxle hU*t toot. 

i«w«i yawing rale city. The rate of change ot 
the yaw ol a projectile aa it leaves the musle 
blast sons. 

jump. J. Movement of a fuo tube when the gun » 
And. X Angle of jump (go.). See; aerodynamic 
joap. 

kill probability. Probability (Pc) that, given a kit, 
O single projectile will hill (Le., destroy) the 
target against which it is flred The overall kill 
probability of a single shot is the product PaPc. 
where Pa ia the hit probability, aaniawd to be 
uwlppradrm. ot /V 

hahei Cow. A MeterWest airflow. 

had. One of the rsioad ridge* in tbr bore of a 
rifled gun barrel. 

lateral leelatiaa Horiaaatsl distance (normal to 
the line of Are) betwe en the point of impact of a 
single round and the center of impact of the 
group. 

lift. The component of the total aerodynamic fore* 
perpendicular to the relative wind, and a ctin g 
in the plane of yaw. 

Mae of Cs fsrtaxu . The path of the projectile as 
it leaves the aaale; the direction of the pro- 
jectile at the iaataaf it dean the nasals of the 
gma, provid in g it has no swerving awtis a . 

tea af daeatea. The prdco getm a ef the here 
wheo the gun is eat to ire 

l e gar l th m, actual Dr Card by ; = «*•', where 
r = 2." 1828 

1st Quantity ef material, the a nits ef which wore 
maaa fec tarad o rder identical eond diene. 

V (mbbr). 1. Mach non her, a. la such usage as 
M29, du ri g a e t m a etaadardieed dees. 

Mash. (Named for Brant Mach. 183C-19IC, Aue- 
trlaa physic wt.) Frequent ly seed for Math 
aamher, which esc. 

Math angle. The aeote angle Wtweso a Mach tee 
aad the line af Cight ef a moving kady. 

0m • ter* 1 

vB*- i 


Mach effect. An effect mulling from the fact that 
an ohjert in moving at transonic or aupenoaic 
Npcrd ; a compressibility effect. Modi effect may 
be eiMuudeml in terms of (a) The changes in the 
air brought on by a shock wave. La, changes in 
pressure, velocity, density and temperature and 
(b) Changes in aerodynamic co effi ci en ts, such an 
drag, lift, and moment coefficient!. 

Mach line. A theoretical line representing the baefc- 
sweep of a cone-shaped stock wave suds by an 
assumed infinitely small particle moving at the 
same speed and along the same flight path aa aa 
actual body or projectile. This lias, as repre- 
sented on any plane bisecting the shock wave 
cone, forms an angle with the flight path usually 
somewhat more acute than tho angle f o r med by 
the shock wave of the actual body, which depends 
among other things upon the shape of tho body. 
Mack a umber. The ratio of the velocity ef a body 
to that of sound in the nmdirm being consid- 
ered. Thus, at sen level in the HA Standard 
Atmosphere, a body moving at a Mack number 
of one (Jf = 1) would have n velocity ot 1116.2 
fpe (tho speed of sound in air Bader thorn con- 
ditions) . 

Mock a umber, critical. The free stream Mask num- 
ber at which the relative speed ef air aad pro- 
jectile attains aouie velocity at some point on tho 
projectile. 

Mach number, free streask The Maah number coat- 
putad on the beam ef the velocity of tho pro- 
jectile relative to air which ie undisturbed by 
the presence of tho projectile, 
smguus farce. The lateral thrust on a rotating 
body when acted on by an airstxeam having a 
velocity component normal to the body's alia 
ef fetation. 

magmas aeameat The moment about tho body t|- 
produced by tho magnuo ferae, 
mom. The sealant of proportionality betwee n the 
fern on a body aad the r es ult i n g acislstation. 
m s W If. Uafet ornately, hi previous refer- 
ences, “mam" h »em s li mes send as ejmea ymnv s 
with “weight" 

mnmriei. U a imtrieted mast, those things amd 
in mate* ee Isgwtis mppect eperutiono, such as 
IMil? nkilllli dts 
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mu nag*. Average distance reached by a group 
of idiots fired with the same firing data, 
miplst The flat note formed by truncation of the 
ogival portion of a projectile or point fuse 
Sometimes the meplat is convex, and Buy he 
railed a "ralotte." 

aetaero logical data. K«ei* prrtainmg to the at 
mouphcrr. espreially wind, temperatures and air 
density, whirh are used in determining eorrect- 
iugi to basic firing data. Often shortened to 
“metro data.’’ 

modal vectsrm. A pair of rotating arms, called the 
precession vector and the nutati jn vector, which 
when added together give the magnitude and 
orientation of the variable part of the yaw of the 
projectile at any instant. Adding the equilib- 
rium yaw to the variable part gives the total 
yaw. The precession vector is often visualised 
as originating on the tangent to the trajectory, 
and routing slowly. The outer end of this pre- 
rrmion vector is taken as the origin of the nuta- 
tion vector, which routes more rap'd iy, and the 
resulting epicyelie motion of the outer end of 
the nutation veetor represents the motion of the 
nose of the projectile (neglecting the equilib- 
rium yaw). 

muaxls Mast Sudden gw pressure exerted at the 
muxxle of a weapon by the rusk of hot gsars and 
air an firing. Muxxie Mast precedes the emer- 
gence of the projectile, and forms a aone of tur- 
bulent air, gas, and amuh e through which the 
projectile must fly. The length of the projectile V 
path in tbs Mast soar varies from about 20 feet 
to 200 (set, depending on the use of the gun 
and tbs amount of gas leakage past tbs pro- 
jectile while in the tore. 

mania energy. Kinetic energy of the projectile 
as it « su r g es from the muxxle (plus a small 
amount of energy picked up in the muxxle blast, 
where for a abort distance the muxx le gases out- 
run the projectile). This is a measure of the 
power sf the w eapon. 

tils (L*., product of mem and velocity) as it 
leevse ths msaai* Limited by the capacity of the 
Tam i l system built into ths gun mount 
mmols setosity. Ths projectile va l e ci ty at tbs 


moment that the projectile eeaaea to be r.-.id 
upon by propelling foices (other tha» the thrust 
of a rocket motor), it is obtained vy measuring 
the velocity over a distance forr .vd of the gun, 
und correcting back to K*a muxxle for the re- 
tardation iii flight 

KBS (abbr). National iiureau of Standards. 

NOL (abbr). Naval i tali nance ’laboratory, 
normal fores. The component of the total asm- 
dynamic for-- perpendicular to the longitudinal 
axis of the projectile, and acting in the plane of 
yaw. 

HOTS iaibrj. Naval Ordnance Test Station, 
nutation. The oscillation of ths axis of a rotating 
indy such as a spinning projectile. This oscil- 
lation is superimposed on the slower motion of 
the projectile axis which is known as precoarieu, 
which see. 

obturation. The act of, or means for, preventing 
the eeeape of gases. 

obturator. 1. A device (usually a ring or pad) in- 
corporated in a projectile to make the tube or a 
weapon gas-tight. 3 . A device incorporated in a 
rocket motor to prevent unwanted gaa leakage, 
ogive. The curved or tapered front of a projectile. 
The fuse may or may not ha included as a part 
of the ogive 

agios, secant. An ogive generated by an are not 
tangent to, but intersecting at a small angle, ths 
cylindrical surface sf ths body. A secant ogive 
may have any radios of curvature greater then 
that of a tangent ogive for ths asms projaetils, 
np to on infinite radius of curvature (is., n 
straight, conical ogive) ; a radius twice that sf 
the tangent ogive is «<»— 
ogive, tangent An ogive generated by an are 
tangent to ths generator of ths cylindrical sur- 
face. Called “true ogive" by ths British, 
sr i sats ti sn sf yaw. Ths direction of ths plans of 
yew (q.v.) relative to same reference direction 
such as a vertical plana containing ths tangent 
to ths trajectory. 

overturning moment An aerodynamic moment 
tending to increase the yaw of ths projaetils. 
psrtkk trajectory. Ths trajectory determined by 
gravity and mro-lift drag whicA would ba de- 
scribed by a projectile which maintained taro 
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angle nf yaw. A. tw'fuf tu the 

Irajmlii7 nf an wiuti projectile. 
pUmwtrlc iBdWt y. Tilt- rut HI «>[ tin- work iloiie 
>hi thi* |iniji*Hil4* by the |in>|M*llMiit giixr* tu the 
work that could have been ilniu- if the maximum 
chamber pmouirr bad acted on the projectile 
bane for the fuli travel in the bore ; i.e.. the ratio 
of average p restore to peak pressure, 
piaae af yaw. The plane containing both the longi- 
tudinal axis of the projectile and' the tangent 
to the trajectory. 

p win A circular motion of the axis of rota- 
tion of a spinning body which is brought about 
by the application of a constant torque about an 
axis perpendicular to the axis. of rotation. A 
no neo aslant torque produces a noneircular pre- 
cession. 

pnetteu. The property of having small dispersion 
about the mean. Cf: accuracy, 
p re s ent s frost Set: shock frsat 
prsasurs- travel cures. Curve showing chamber 
pressure plotted against the travel of the pro- 
jectile within the bore of the weapon, 
probable error. In general, s value that any given 
error erill as likely fait under as exceed. In gun- 
nery, a measure of the dispersion pattern around 
the center of impact; half of the observed im- 
pacts will Tl - within a hand two probable errors 
wide and centered on the center of impart, 
quadrant slevadsa. Vertical angle between a 
horiaonta) piaae and axis of bora of gun, just 
prior to 6 ring. 

radius af gyration. The distance from the axis of 
rotation at which the total mam of a body might 
he concentrated without e hanging its moment of . 
inertia about that axis la this handbook radii 
of gyration are usually expressed in calibers, 
range correction. Changes of firing data necessary 
to allow for deviations in range due to weather, 
material, or ammunition 

nags deviation. D i s ta n c e by which a projectile 
strikes beyond, or short of, the target measured 
along a line parallel to the gua-targst lias, 
tangs error. Difference b et w e en the nags to the 
point el impart el a particular projectile sad 
the nags to the center el impart el the group 
el .bets fired with the same data. 


raage probable error. I. Error in range that a gun 
nr iilln-r wt*a|vm may lie ex|ieeUd tu exceed an 
often iik noL Range probable error given in the 
llring tables fur a gun may be taken aa an index 
uf tin* accuracy uf the piece. 2. In deaeribiug the 
dispersion pattern nf a group uf shots, the prob- 
able error in the range direction, 
range wind. Horixontal component of true Wind in 
the direction of the line of fire, 
reference rounds. Amm unitio n rounds of known 
performance which are fired during ballistic 
tests of ammunition for comparative purposes. 
Also called “control rounds." 
relative velocity. The velocity of relative motion, 
especially in respect to s projectile and the air- 
stream. 

relative wind. The velocity of the air with refer- 
ence to s body in h- Usually determined from 
measurements made at such a distance from 
the body that the disturbing effect of the body 
upon the sir is negligible. Equal and opposite to 
the relative velocity of a projectile, 
restoring moment. A static moment (q.v.) which 
is negative when the angle of attack is positive, 
and vice versa. 

reversed fiew. Flow of the airstnesm from the base 
toward the nooe of the projectile, each aa exists 
in the musxle bleat where the bleat gaaae are mov- 
ing faster thsn the projectile. 

ReyueMs number. (Mamed after Osborne Reyn- 
olds, 1642-1912, a British physicist and engi- 
neer.) An index of similarity need in the aaalysk 
of the fluid flow about scale models in wind tun- 
nel test* to determine the remits to he expected 
of the flow about fnll-aesle mod eta The Reynolds 
number is expressed in a fraction, the numerator 
consisting of the density of the fluid multiplied 
by its velocity and by a linear dimension of the 
body (as for exempt* its diameter), the de- 
nominator sonneting of tin coefficients of vis- 
cosity of the fluid (St = gFl/n). 

RMS error. Set: standard error, 
rocket mo to r. A nouairbreetkiag reart km propul- 
sion device that eoosists essentially el a fuel 
ehambtr(s) sad exhaust ee es li (t), aad that car- 
ries its own solid osidiaer-faet somhiaatiou from 
which hot gaam are ge n e rate d by eemhmtiou aad 
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expanded through a nosxle(a). (If the fuel is 
liquid the device is celled s •‘rocket engine.") 
rolL An angular displacement about the longi- 
tudinal axis of a projectile, 
rail rata. The time rate of projectile rotation about 
its longitudinal axis. 

rail rata, mtniirmT*”'*-* 1 The product of roll rate 
and a reference length, .is for example a di- 
ameter, divided by the airspeed (» = pd/V). 
I'sually called ‘‘spin.’’ 

rolling moment. An aerodynamic moment about 
the longitudinal axis of a projectile, tending to 
change the roil rate. 

railing velocity. Angular velocity; roll rate, 
rest mean square. The square root of the arith- 
metical mean of the square* of a set of numerical 
values. 

rotating bend. Soft metal band around a projectile 
near ita base. The rotating band centers the 
projectile and makes it fit tightly in the bore, 
thus preventing the escape of gas, and by en- 
gaging the rifling gives the projectile ita spin, 
round (of ammunition). 1. Short for complete 
round, which see. 3. A shot fired from n weapon, 
scale effect. An effect in fluid flow that remits 
from changing the scale but not the shape of a 
body around which the flow pataca. Reynolds 
number is useful in the assessment of aeale effect. 
achUoraa. J. Gradients or variations in gas density, 
from the German word. 3. Au optical system 
which either cuts off or passes a large change in 
light intensity, owing to the slight refraction of 
the light pawing through the gas. This phe- 
nomenon is often used to make turbulence and 
■hock waves visible by photographic means: 
hence, "schlieren photographs." 
sactioaal daasity. The ratio of the weight of a pro- 
jectile to the square of its diameter. A measure 
of the mam per unit of frontal area, and there- 
fore of the deceleration due to drag. 
saailllTltj faster. The percent change is range (or 
deflection) produced by a one percent change is a 
parameter affecting range (or deflection), aaeh 
au muasle velocity or initial yawing velocity. 
Also called "differential coefficient." flee; dif- 


(cont’d) 

separation. >. The phenomenon-in which the bound- 
ary layer of the flow over a body placed in a mov- 
ing stream of fluid (or moving through the fluid} 
separates from the surface of the body. 3. The 
point on the body at wLieh the separation be- 
gins. Also called “separation point.” 
sat back acceleration. The peak acceleration ex- 
(>erieneed by the projectile during launching. 
I’sually expressed in terms of the acceleration 
due to gravity, e.g., "the setback acceleration 
was 40000 gV or about 1^86, 4CD ft/aee*. 
shock front The outer side of a shock wave, at 
which the pressure rises from aero up to its peak 
value. Also called a "premure front” 
shock wave. 1. A boundary surface or line aerom 
which a flow of air or other fluid, relative to a 
body or projectile passing through the air or 
fluid, changes diaeontinuoualy in pressure, ve- 
locity, density, temperature and entropy within 
an infinitesimal period of time. 3. Such a bound- 
ary surface or line that comes into being when an 
object moves at tranaonie or supersonic speeds. 
■1. Such a surface or line produced by the ex- 
pansion of gases away from in explosion (or 
through a nosxle). 

shroud. A tubular section encircling the tips of the 
fins, and usually integral with the fins. The 
shroud often forma a rear riding surface for the 
projectile in the bore of the gun. 
slug. The engineering unit of mass, chosen such 
that a fores of one pound acting on a unit mam 
will produce au acceleration of one foot per 
second |ier sreond. Since the weight of a body is 
equal to the product of it* masa and the accelera- 
tion of gravity, the weight of a body having a 
mass of one slug is 32.17 lb* (at ae* level at 45* 
latitude). 

span. The maximum dimension of an airfoil (e.g., 
a coplan ar pair of Ana) from tip to tip. 
spark range. A firing rang* in which projectile* 
in free flight ean bo photographed by the light 
from an electric spark which is t rig g er ed by 
pamag* of the projectile. 8*t: ha Write raaga. 
specific impale*. The total impulse produced by 
burning a pound of roekst fuel. At constant 
thrust and maa* burning ruts, tbs tbmri pro 
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dueed per unit of Qua burning rate, i.»., pound* 
per Ib/see. 

specific weight. Weighj^per unit volume. 

spike. A subeajibrf'eylinder, often slightly tap- 
ered. whidfreplaces the ogive of a projectile, 
increasing the drag but moving the center of 
prenuire of the lift force nearer the lists <»f the 
projectile. 

spia. See: roll rate, nondJaeasional. 

spin rate. See: roll rate. 

spin ftsItiHMHaa Method of stabilizing a projec- 
tile during (light by ceasing it to rotate about ita 
own longitudinal ask. 

spotting charge. A small charge such as black 
powder, in a projectile under test, to show the 
location of ita point of functioning (usually ita 
point of impact). 

square base. Descriptive of a projectile with a 
cylindrical base section, as opposed to a haattsil, 
which me. Abo called “flat base.” 

stability. A characteristic of a projectile that 
causes it, if disturbed from ita condition of 
equilibrium or steady flight, to return to that 
condition. '■ 

stability factor, dynamic. A number related to the 
yaw damping characteristic* of a projectile. 

Stability factor, gyrosco p ic- A number relating the 
angular momentum of a projectile to the slope 
of ita aerodynamic overturning moment, Loug 
twetl a* a sole criterion of projectile stability and 
railed simply the “stability factor,” s. A aeees- 
sary, but not sufficient, condition for stability is 
that this factor be greater than unity,' or nega- 
tive. 

stability, static. Stability in the aberaee of spin. 
In genera!, a mechanism is statically stable if 
any displacement from a rest position creates a 
force or moment opposing the displacement. 

Standard Atm sap bars. The standard atmosphere 
for the United State* Armed Services is the 
U.8. Standard Atmosphere which b that of 
the International Civil Aviation Organisation 
(ICAO). This standard atmosphere assumes a 
ground pressure of ?60 mm of mercury- (116* 
pai) and a ground temperature of 15*C (M*F). 
Tbs temperature throughout the tro p ospher e ex- 


tending up to 11 kilometers (approx. 36,000 ft) 
is given by: 

T(*F) =59-(yB>56* 
where A is the heighj^iiove sea level measured 
in feet, lu the stratnepiiere, extending from 11 
kilometers to 25 kilometers (approx. 82^)00 ft) 
the tem|ierature is am um ed to be a constant 
2!U.b<>"K ( — 69.7* K). Above the stratosphere 
other laws arc assumed. Temperature b signifi- 
cant Isvause the acoustic velocity iu feet per 
second is given by 

V, - 40.1 V460+ T T in *F 
standard deviation! in the field of testing, a mea- 
sure of the deviation of the individual values of 
a series from their mean value. The standard 
deviation of a sample m expressed algebraically 
by the formula. 


* “ «/^ X * where 2! means 

y N 

the sum of N individual squared differences, the 
*« are the individual valnea, * is the mean 
(*-- A/#), and A b the number of individuab 

I 

in the sample. The heat estimate of e, the stan- 
dard deviation of the lot from which the sample 
was drawn, is obtained by multiplying the sample 
value, *, by y/S/{N-l). 

standard arm. The square root of the average of 
the squares of all the errors. When error is 
identified at the difference between an ohatrved 
point and the means of the observations, standard 
error becomes identical with the scruple standard 
deviation. It might also he called the “BM8 
error.” 

standard muzzle ve l edty. Velocity at which a given 
projectile b supposed to leave the masala of a 
gun. The velocity b calculated on the bans of 
the particular gun, the propelling charge used, 
and the type of projectile. Firing tables are 
baaed on standard muzzle velocity. 

standard projectile. That projectile which a given 
gun was primarily designed to firm. 

static mat An aerodynamic mome nt related 
only to angle of yaw. 

static pressure. The premure which b ale rted by 
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a fluid at real, or which would be indicated by 
a (puce placed in the stream and. moving with 
the name velocity as the at ream. It is the pmetun- 
arming from the random motiona of the mole 
eulea of the fluid, rather than their organised 
motion in the direction of the flow, 
steady state. The condition of a system which is 
essentially constant after damping out initial 
transients or fluctuations, 
sting. A rod or type of mounting attached to, and 
extending backward from, a model, for conven- 
ience of mounting when testing in a wind tunnel, 
subsonic. Pertaining to relative motion between a 
body and a surrounding fluid at a speed lest than 
the speed of sound in the same fluid, 
summit of trajectory. Highest point that a pro- 
jectile reaches in its flight 
swerving motion. In flight the motion of the cen- 
ter of gravity of a projectile perpendicular to its 
particle, or zero-lift trajectory. 

*;stam reliability. The probability that a system 
will |>erform its specified task under stated tac- 
;'cal and environmental conditions. This wiU in- 
clude accuracy. 

T ( -ubscript). In aerodynamic data, relating to 
tail alone configuration. 

terminal velocity. I. The constant velocity of a 
falling body attained when the resistance of air 
or other ambient fluid has become equal to the 
force of gravity acting on the body. Sometimes 
called “limiting velocity.” 2. Velocity at end 
of trajectory, ie., impact velocity, 
time of flight. Elapsed time in seconds from the 
instant a projectile leaves the gun until the 
instant it strikes or bursts. 
t ole r an c e. The permissible difference between the 
two extremes in dimension, weight, strength or 
other quality which will not cause rejection of 
an item. 

trajectory. The curve in space traced by the center 
of gravity of the projectile, 
transition flow. A flow of fluid, about a body, that 
is changing from laminar flow to turbment flow, 
teaassaic range. The range of speeds between the 
speed at which one point on a body reaches su- 
personic speed (relative to the airflow in the 


vicinity of that point) and the speed at which the 
shuck wave system is fully developed, 
transonic spaed. A speed within the transonic 
range. 

transverse axis. In a projectile, any axis normal 
to the longitudinal axis and passing through the 
eenter of gravity. 

trim. The equilibrium attitude of the longitudinal 
axis of the projectile relative to the tangent to 
the trajectory ; equilibrium yaw. 
turbnkat flew. An unsteady flow characterised by 
the super-position of rapidly varying velocities 
on the main velocity of flow, in contrast to the 
smooth, steady laminar flow in which velocity 
varies with distance but only slowly with time, 
twist (of rifling). Inclination of the spiral grooves 
of the rifling to the axis of the bore of the 
weapon. It is expreraed as the number of calibers 
of length in which the rifling (and therefore the 
projectile) makes one complete turn. A right 
hand twist is such aa to impart a right hand 
(clockwise) rotation to the projectile whan 
viewed from the rear. Moat U.8. guns have right 
hand twiet. 

utility. A numerical scale for comparing prefer- 
ences between alternatives. Usually defined on 
the interval 0, 1 because of its relation to prob- 
ability. 

vacuum trajectory. The path of a projectile sub- 
ject only to gravity. A first approximation to the 
trajectory of aa actual projectile, 
vector. 1. An entity whieh has both magnitude and 
direction, such as a force or velocity. 2. In con- 
nection with the yawing oscillations of projec- 
tiles, the rotating arms whieh can be used to rep- 
resent the components of the yaw are termed 
modal vectors, which see. 

velocity. Speed, or rate of motion, in a given di- 
rection and in a given frame of reference. In 
many contexts no distinction in meaning is made 
between spoed and velocity, the symbol V often 
being used in equations in whieh the magnitude 
of the velocity, i.e., the speed, is the only attri- 
bute of veloeity whieh is being considered, 
v el e c i ty head. 8u: dyaaatic pressure, 
vfacarity, rnsOrift at The ratio of the shearing 
steam to the veloeity gradient in a boundary 
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layer. Dependent on the fluid and on iu tem- 
perature. 

0 at 69* K = a .72 X 10- 1 Ib-sec/ft* 

wake. The wine of turbulent flow behind the boar 
of a projectile 

walk. The surge of disturbed air or other fluid 
resulting from the passage of something through 
the fluid. Includes the wake and bow and aide 
wares. 

ware, expansive. An oblique wave or zone set up 
in aupenonie flow when the change in direction 
of the airflow is such that the air tendr to leave 
the new surface, such as flow around the juncture 
of a cylinder and a cone (e.g., at the forward 
end of a boattail). This condition ia called “flow 
around a corner. ’’ The air after r*** : "ff through 
an expansive wave or none has a lower density, 
static presore, and final n sin temperature and 
has higher velocity and Mach number. Visible 
as a darkened aone in sehlieren photographs, 
these waves an often ealled “expansion fans. ” 

wave length. 1. The distance traveled in one period 
or cycle by a periodic disturbance. 2. Of yaw 
of a projectile, the distance traveled by the pro- 
jectile during One cycle of yaw. 


yaw. /. The angle between the direction of motion 
of a projectile and the direction of the longi- 
tudinal axis of the projectile. 2. The oscillation 
of the direction of the longitudinal axis (as in 
** wavelength o? yaw”). .1. To acquire an angle 
of yaw: tu uMe>ltate in yaw. 
yaw of repose. That part of the equilibrium yaw 
which is due to gravity, 
yaw drag. Drag due to yaw. 
yawing moment dua to yawing. Tom sometimes 
used for the damping moment 
yawing velocity. Time rate of change of yaw; the 
change may be a change in magnitude or diree- 
tion, or both. 

zone charge. The number of increments of propel- 
lant in a propellant charge of semifixed rounds, 
corresponding to the intended sons of Are. 
zone of Are. The range interval which can be cov- 
ered by h round containing a given number of in- 
crement: of propellant, Le., the euverege obtain- 
able by changing quadrant elevation at a constant 
muzzle velocity. 

toned ammunition. Semifixed or separate loading 
ammunition in which provision ia made for add- 
ing or removing propellant increments. 
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SAMPLE SPIN-STABILIZED PROJECTILE 
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CALCULATION OF C. G. AND RADIUS OF GYRATION 


Apprexiaotr br»al<t for kigb expioom pro- 
ject iV» ut pnoratod by H ittbt o A ut BRL Brp or t 
620 (Ref. 81). 

I 

Xeu = 

F>. = 0.160 

**, = axno + &06M ) 

ikn In. io tW rlwtiorr fraa tW boot of tk 
pcnjMtib U ru mi rr of gronty, ia MUM) 

!jo m tbr i nrno ratio of the pro j r ot i k . 

a. AllrnmU Method : 

For Ik Maple pf»j«blr ta A p poadi x I, tk 
piriaHw cdniaed by aat of tk 


Urtkod” {are Appradix VII) ol*: 

X t ,o = L5i 
**, = 0.145 
**, = LOT . 

k. MtUktoti Method: 

By llitrbeark's tonaalax, or Mold got 
Xrm . 0175 x 4.1ft ■= 161 
**. = 0.140 

A 3 , = 0.070^006*4 (4J7)*=1.31 
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GYROSCOPIC STABILITY ESTIMATES 


A. SPIV-STAStUZXD PROJECTILE WITH 
BOATTAU. 

TV fallowing a * urn pi* calculation for a 
tpin-ctabiliaed projectile with b oa tt a il . u*ing the 
method* of Wood (Ref 21) and Sima* aw (Ref. 
20) to retimatr the normal form and tlttv mo- 
ment coefficient* The feoaetrie and mam eharae- 
teriatie* of the projectile are (ion in Appendix I. 



Effective Baae Diameter: 




where d - Rear body (ham. * 4.98" (0.416 ft) 
d» - Boaediam. - 4X2" 


d.-s/ 21.7314 - 4.46" 

Effective Baae Vea: 

& - .7864 £ 

- .7854 (4.66)* - 17.0664 in* 
Kruotal Area: 


S - .7864# 

- .7854 (4J6)» - 19.4783 in* 


Ba ae Aren Ratio: 
JZ . 17.0554 
S **194782 


- oxm 


Volume of Projectile (i 
V. m 3096413 in* (am 


1 

9 

a 

4 



»16 (4125) |(JW)* + (300) ( 66) + (.36)*) 

Pram Harvard Tahtm Calaa'a t iin a* 

7664 ( 3.363) (4.96)* is 

3614 ( 3.30) | (4.96)* + (4.99) (4 66) * (4.96)*) 
r, --z Total Brmndary Layer 


Kehiaw. »a* 
11.8276 
696740 
1693660 
66.6336 

at 1096*13 


VII. 



anaamnWi 


Downloaded from http://www.everyspec.com 


AMCP 709-942 


Amvsn m 


Unw Kunnr Rai*. 

V, XB.MI2 
Sd ' (I9 47W) (4.SK) 


3.I3K 


llt trn iiMt i ai rf /, awf A: 
(Soe »T*pfc Appcadiz IV) 
At w p f W M W yri: 


Af - y/ it -1 - 0.46 far if - 1.72 
1 - 0143 ua 

Vip - 1 

. ./, - 1. 1987 aad ft - 1230# 

NmmI Pore* 


- | 3 IA75A) ♦ -4 | (1.1987) 

- 170 *1' 

M ownrt CoeOWaet (aba* baar) : 

c ** " ( 2 Xr) A •[ ,(Xl3K) ]° a3W) 

- 7.70 r*t* 

Caataraf 1 


C«, 


(/cater td ( tfa vity I fraw Apprwfa I): 

I!. U. - I.SJ niiiirtm (raw haw 

r. /*. r. V. rn AJ«5 - IJS3 - IJB wiifcwa 


Static Mggt Cotflfaeat: 

C*. - C„ m (C. P. - C. o.) 

- (2.70) (US) - 149 


Gywaeopk Sub&ty Factor, a,: 


Vefabty: 

Kd - MS (pa 

Twiat: 
Apia rat*: 

a - Mcalibw* parts 

• at 1A6 ipa 

- 1040 tad par mm 

Mm body 

daw: d - 0415 ft 

Air daaaitj 

r: 0 • 0002379 ah«/fP 


~ 000*4 afc«-ft* 

i 



*•“ 4^(3XBM7) (J7U) (l}ot«2 X W) (U») 

- L99 









a* 


mmImmmMi 


li 
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GYROSCOPIC STABILITY ESTIMATES 


A SPIASTABXLIZED PROJECTILE 
WITHOUT BOA* TAIL (PLAT BASS) 

only ehaafe from prrriaas nwplr is 
ia volume sad C. G. ioration. 

New return*. V = 306X12 ia* 


Mfsn Rmmm Ratio: 
r» 306X12 
Sd “ (10.4782) (4.06) 


- 3.160* 


lh-trfmin atjuo of /i sa d /» : (Srr graph Appendix IV} 
M - 044 far M - 172 

^|=== - ° 136 mod 

- LMOaad A - 12337 
Normal Foret Coattoeat: 

C *- /. whew & - * 

- (2 ( 10 ) + A| l'.» 0 ) 

- UH0 rad * 


Miawt Coa_ . (about bar): 

c *- • ( 2 srJ * • ***** {imr) 

- 730 rad 1 


Center of Pww: 

C* 

P. ■ tt 2 * 2.00 cafthwa from base 


Center 0 1 Gravity: C. G. in now located 1.50 
ember* from base 

('. P. - (\ G. - 2.60 - 1.50 - 1.10 ealibera 


Sta tic jltgent CocfEoent: 

# a. “ r «. «■'. P - C. «.) 
- (3.00) (1.10) - 130 


Gyroaeopie Stability Factor, 1, 

Since the parameter*— Psi, p, a, d. #, 

/I//,— are the mam an the exampls ia part A: 


*» 


1.4® 

14® 



with boattail 

•rithout 


) 



Condtmoa: Khmirating the b as U si l has inarmaad 
the gyraaeopK etabahty factor (bwt also iasnaand 
the mro-yaw drag aoadfoio*). 
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COMPARISOH 07 ESTIMATES OF 
BALLISTIC PARAMETERS BY VARIOUS METHODS 


For eomporiaoa with the other tiof, eoJ- 
ralatiooa by Hrteheoek’a Method, BRL Re port OO 
(M. SI), tmr the mmt baattailed prajartiU. ip 
pradix I. ore pnaoted below: 


a (beattaU aagie) 

b (boot toil lragth) 
e (eybadrieal body iaagth) 
d (ogival head leagtk) 
r (radiaasf ogival are) 


=sM degrees 

= 05 eabhaea 
= U8 talAere 
= ttt) eelibera 
= Alt caShara 
IjO/< - .1*61 


K. = 1.109 

/ =4 A. = 19* (va *.70 by Woad’a Method) 


('ester a t Pm a aw : 

h = .0747 + . 0443 a + 1.0194 + JK 2 e + 
JJ 459 d + J 083 (LO/e) 

* as .0747 + JXOM + JOSS + 0494 + . 491 * 
f .1579 


Normal )W (S a oWeieat: (sag a, k, «. A aad » 
above) 

A. - AS3 + 0233a — JUM - 0003a + 
3BU + 047* (10/e) 

K. as JM + .1*73 - 3*70 - 0009 + 0070 
+ IMS 


4 -- 2.91 calibers fraai the ham (va 1*6 by 
Wood ’a Method) 

Tbs o gre roast ia niaitml la be batter tbaa 
average. While HitehtaiVa MThaataa are very 
mod far prejeetilea which be withia the raage 
d hia ftprnaratil data, the Wood fltwwoao eati- 
■astea will ia ga a e ral hr avert reliable. 
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* ' I I • I • • • . . I »•»»•» Tl 'll' I 





I!2!J!22!2 m 2 m,m *** Z.SZtSSSSSSSJs 2 

22222 2 2222 22222 22222 222 * ••••*•••*•• ••••••#•••••••••••#«» 

222 22 22222 2222 * • • • • • •••••••■«• •••••••••••• 

221222222222222 II* 


0-5 1.0 

Taken from 

WWtoOd BPL MR 854 (Rtf. 21 ) 


1.5 


A 1 


< 2 > 
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AM(‘P 708-7 42 




APPENDIX V 

DYNAMIC STABILITY ESTIMATE 


PnUm: To drteraiar v,- TV projectile v\B 
SaEbE*if: 



< * 4 . (TO — ttj (Ref. per. 5-2.4 2.1) 


Formula: v. 


2 :ct. + 1: c M j 

“ Ct. - C, -r k? (Cm, + C,i) 


fine* our projectile baa the mb 
at projmiie, 90-mm, HE, M71, the baHktio 
rirato for the 90-mm projectile at Iftok - 
iref. Appendix VII I -E) uy be m 


L7S 


C a „ - 030 
C*. + C*, - - *0 
i'm - <UJ 


Ditto: For prototype projectile (Appettkx 1). 


C*. - 2.70 rod ' 
Mock - 1.72 
m - 4& 08/2X2 
<f - 0.415 ft 
/. - 0.0259 dua-C/ 
2.. - 0.3440 ikr.-ft* 



1 W> 

TT“7T 

/4ft 0T\ (.415 ) 

\2X2 /TaS. 




M“7.- 

/4ft0ft \ (iU») 

vary (jmo) 


UM 


an 


Solution: 

2(2-70 + ftftfri (-30)[ A14 

“ X70 - (U3 - 0.933 (-9i0)"l0.7e7 
- a 736 


KVmn Appeadu III -A: i, ■ L40 


• -L _L 

" t, “ L4S> 

v. (20 - aO 


- 0.871 


- 073ft (20 - 0.78ft) - 0.94 


Cooduiot: Pro)ittik is tlAbb mmb: 
_l_< V, (29 + vj, Le.: 

** 

0471 <094 







torn t~ri 


i 
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APPENDIX VI 

STATIC STABILITY ESTIMATE OF A 5-INCH 
FIN-STABILIZED PROJECTILE 


I’njirm : IVU-nmne iMKiitni fiim- and m-iiUt of 
IMvmmuv tJ the Iwxiy sioor. and nurmnl fom* and 
rrntrr of jmiwun- of th<- tail alone in ortlrr to 
solve for KUtir stability : 

; ('■ P. — C. ft : > 0.5 calihrr 


Solution: 

(1) Body alone coefficient* at subaomc muxslc 
velocities 


Data. T he effective bear utt. Si and total 
boundary layer volume are determined in a 
manner auniW to that shown in Appendix UI-A. 
4. « 2.672" and n - 5" 

SI - .7854 4 

- .7854 (2.6721* - 5.6074 in* 

•S' - .7854 rf* 

- .7854 (5)* - 18.635 
SS - l9.ti.J5 H - 19.6:15 15) 

- 98.175 

t * - 487.0151 in* 


V* 

>U 


1 87-015 1 

98.175 


• 4.1KiMi 


Solving by Simmon#' Kquation* Ri-f. 20: 

c„ -1(f)* 01 


- 9.9212 


CP m C JH. S. 
• — Cm. 


2 / «78-015 1\ 
\ 98. 175' j 

9-9212 

1.071 


- 9.28 caliber* from baae of fin* 


(2) Tail alone coefficient* at aubaonic velocities: 

Data: 

effective tail length: f “ 3.0'* 

lb (pan: S - 5.0" 

effective baae diameter: < » 267" 

j- 0.6 and - 0.53 


Sol vine by Simmowe’ Tabln: 

<’i. T m 220 (for 6 rectangular fina) 

(\ — <*t r (0.74) - 1.628 (body interference 
factor ■> 0.74) 

Cx T « Ci (1.80) 29304 (allowance for end 

plates and shroud - 1.80) 
l \ P. » 0.60 caliber from baae of fine 


(3) Sutic Stability | C. P. - C. ft. | > 0.5 

caliber (Ref par. 5-3.2): 

Data: From part* (1) A (2): 

• 1.0710 at a C. P. located 9.26 caliber* 
from baae of fin* 

fv T - 29304 at a C. P. located 0.60 calibre 
from baae of fiaa 

< - f-Vr, + r„ T m 4.0014 rad - 

ft ft m 258 ralibrra from baae of fin* 

If. p. a - ft. ft.) m 9.2l> - 3.68 - 5.58 cali xm. 
(ft. P. T - ft. ft.) - 0.60 - 3.68 - - 3.08 

rali ben 


Solving (ref, p y. 5—21): 
Cn. - C„. (C. P., - C. ft) + 
C, r (C. P. r - C. ft.) 


C. P - C. ft. 


57 


(1.071) (5.58) + (29304) (- 3 08) 

4.0014 


20494 


- - 0.78 


4.0014 
| C. P. - C. ft. | - 0.76 


Condunoo: Static stability see ma adequate moot 

1 C. P. - C. ft. | > 02 Le., 

076 > 05 
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AFPnrsix vn 

PROJECTILE GEOMETRY 


TW daaiga piwiU n related ody to tbo 
materiaia and gaaaaotry at too pvojtotile an: 

Weight 

Cm Ur of p ari ty loration 

Axial and traaaven* »wU at .nertin 


Hrttofa at Ganpwtatioa-. 

I. MrHuniral Integrator (Kef. 96) : 


a. A aeala drawing m nude of too part or aa- 


are aL 


(1) Dbweaoeon in tor x di w e t io a an 
attend 

(*) Dial noii in ia too y dinot 
tend by totting y, = y*/9 

k 1W dr a w in g ia tnvonod by too au- 
to tana of plaaiat- 


wlatm 


>- 


r. Dial iadiraten provide 
to too traaefomd plan 


d. Equation eoavert dial roadinp to 
weigbt. onter at parity, and na ara ta 
at inortia at aolfate at tar Jntin. 

2. Bamrd TaMra— Standard Motood (B of. 

“2i 

a. Analyte woHpi from dinwnoionod ahotabor, 
or drawiap, to ovalnte weight, eg., and 

k Tabiee provide expedient method to adp» 

ter aolida'of 


1 Alternate Motbod: Analyte tna 

at aoUd 
• at parte and 


of form olio tor limited 


4. Compwter (Bat. 98): Tbo woigbt, Iveta* 


at eeator at gravity, velame, polar ama 

total aaneat of iaartia an bo obtained 
tbroogh mm at a digital ilootrnio ( 




marnmmm ani 
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xpmtnx vin—A 

30-MM HEI PROJECTILE, T306E10 


AMCP 706-242 


>JLfTHO«(s) E. T. Roecker and E. D. Boy«r REPORT 

DATE 



Dimensions, editor* 


C . 

*.01 


Mach No. 

eg. location from bo—,co£b*r» 


M 

C «t* 

Cu 

^»|t» o 
C fr 

'joaafcn 

•b 

V, 


Subsonic 

, 0.6 


Transonic 


*.7 

1.9 


0.9 

2 . 1 * 0.2 

2. >*.05 


2.3 


J 


BRL MR 1098 
1957 

TYPE OF TEST Free flight 


Weight, lb 


0.56 


Muzz I* (Velocity, fps Varisblr 

(Spin rat*, rp* Variable 

d,f» - 0.098 

V, red/col °-38 



' t ; 

r m 

■» 

>* 






7 









7 









t 








i 








*.05 

































£ 








































_1l2L 




Moch No. 


k a col 


ju m 


k,.cd 


0.845 


2. >5*. 05 


Swnonic 

2.0 


2. 4*0. 2 
1.5*. 05 
-3.5*1. 0 

-0.13*0.10 

1.85*. 05 
5.6*0 1 
0.5*0 . • 


C o mmonl i 


Without arming hall rotor 

j C >S** C i»*iUo ♦btf 

IM >2.0 b > 90 

from bam 

Computed for etenderd 1:25 teitt ( »« 0. 25) 
Without analog hall rotor aad at email yaw 

«,< r ) 

STABLE at mill yaw* w/o arming hall 
rotor. Usually UNSTABLE with 
arming hall rotor A*U 






. . t 


Downloaded from http://www.everyspec.com 


A MCI* 706-242 

AUTHOfits) £. D. Boyar 


APTKVDIX VIII— H 

20-MM HEX PROJECTILE, T282K1 


REPORT BRL MR 813 (Raf. 78) ; BRL MR 918 
DATE 1954 1955 

TYPE OF TEST Fr*e flight 



Wright, lb 


0.218 


14 


Ukaxim (VUodtyfD* Variabla 

V, rad/col 


0.0835 
0.209 or 0 .251 



Mash No. 

eg. lo cBt hm hw boM^coibtn 


-LlSZ- 


Mach No. 

T^alug^t* 3.94xl0‘ fc 29.7 x 10* b 


A-12 





k,col 

.370 tr ( mf 1.015 

M 

Subtonic 

0.98 . 

1.15 

Turn tmir 

2.4 


C «* 

8.8 (**timat*d) 

5. 3*1.0 

1.44 ME 3.8 

Cu 

1. 9*0.1 

2.0*0.1 

2.8*0. 2 

C N. ' C O p 

Cm. 


curve 


C N^ 

.4. 8*0.8 

>7.500.8 

>3.8*1. 1 

/-0.7*0.3© M> 3.5 

t-4.2*0.3£M» 3.5 w/o arming ball rotor 


. >0.20*0.04 

0.07*9.04 

0.18*0.07 



Not iDMN'at; aaaumad to ha >0.01 is computation* 

c-p ^ 

2. S5O.05 

2. 70*. 05 

2. 25*. 05 CO 

Ibom (rani bow 

•a 

1.75*. 08 

1.85*. 07 

2.8*. 12 

• 

i 


0.15*. 12 

0.58*. 10 

1.25*. 10 

a 


0.28*. 20 

0.82*. 08 

0.95*. 05 


* 

0.57*. 02 
UNSTABLE 

0.54*. 02 
STABLE 

0.38*. 02 
STABLE 

For l*rg* yaw (ft 43*) firing* at M* 2.3 
•a* E.T. Roackar. BEL MR 888, 1955. 



7 




A **■4 
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APPSHDIJt VIII— C 

DRAG VS TRUNCATION: CONICAL HEADS 

AUTHOR^) A. C. Charter* anti H. Stein REPORT URL R bit 

DATE >952 
TYPE OP TEST Free flight 

Weight, lb 


A MCP 706-242 



(Spin rote, rp» 
d,ft 

'V, rad/col 


0.0655 


0.25 


Mcch Na 

c*o* lOGonon iron? dgn^coiimii 


Hj" 1 


Mach No. 

Iy.tkjg-ft 2 , 


k^cal 


Sonmnh 


Zaii. Ire.*- 4 


Type 5 


'-V 

Cu 

C M. 

c .p 


2.0 approx. 1.0 approx. 0 approx. 


About 10 rounds 
of each typo. 


*b 

"do 




A-iS 
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AM CP 706-242 


Atttnnn viii — 1» 
2.7S-IHCH ROCKET, T131 


AUTHORts) 1*. C. MacAUister wad 
W. K. Rogers 



REPORT BRL MR 948 

DATE 1955 

TYPE OF TEST *>•« flight 

INERT ROCKET 

5,? 

Muzzb |\Wodty,fps Variably 
(Spir ra»«,rps 
d,ft O.S*> 

'V, rod/cd O.Hi 




,001 23 Iy.sLg-ft 8 -^^ 


k o Cai 


M 

0.85 

1.0 

1.15 


5. 

8 approx. 


Cu 

1.95*. 05 

2.0*. 05 ■ 

2.0*. 08 

c- 

3.15*. 05 

3.45*. 08 

3.45*0.1 

C m^ 

.4. 5*0.5 

-7. 5*1.0 

-10*2 


-0.23*0.1 

-0.23*0.1 

-0.07*0. 


P.376 




G m n sA 


At all 3 Marti nos. 


1.19 



•do 



A-14 
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authors) E. D. Boyer 


APPXXOIX VIII— E 

90-MM HE PROJECTILE, M71 


AMCP 706-242 


REPORT BRL MR 1475 (Ref. 79) 

DATE 1963 

TYPE OF TEST Free flight 



Weight, lb 


23.41 


2700 


(Spin rote, rps 285 
d.ft 0.296 

1/, rod/col 0*196 


Std 


*.005 



*.08 

except 

a* 

shown. 


4 

2 

0 
































- 

It 

-1 

5 

m 


h 

wr 

«r 

kO 

1 































Mach No. 

e.g. location from boss', combers 


Mach No. 

1^ sluo-ft* 0.0087 0.0815 







k col °* 


Subsonic 

Transonic 


%r 

M 

hok 

Supersonic 


0.8 

0.95 

1.8 

2.4 

c ty 



5.534.15 

5.174.05 

Cu 

i.s*oas 

1.4*0. 5 

2.35*0.05 

2.55*0.05 

c- 

4.0*0.08 

4. 7*0. 5* 

3.55*0.08 

3.30*0.08 


-6*1 

-7.5*1 

-9*1 

-8.5*1 


-0.2*0.15 

40.2*0.15 

40.2*0.05 

40.2*0.05 

C .r 






4.0*0. 2 

4. 25*0.25 

2.8*0.15 

2.7*0.15 

*« 

1.07*. 02 

0.924.10 

1.204.03 

1.304.03 

'do 

0.0*0.47 

0.854.50 

0.864.16 

0.924.16 

uS 2 -^ 

0.0 ^ 72 
-1.16 

0.79*. 21 

0.95*. 05 

0.974.03 

_JL 

0.93*. 02 

1.104.12 

0.534.02 

0.774.02 


UNSTABLE 

METASTAB LX 

STABLE 

STABLE 

* Strongly dependent on yaw when 0.93 £M£ 0.98; <^2:5.2 - 


kpcal 


1.135 


Comments 


(interval stated 

AtM* 1.05 Cj^+C^s -5. 5*2. 5 


* 0 * 0.2 


^ 

calibers from base 


75 cal /turn (V * 0.251) s tabilis es 
projectile over whole Mach no. 
range. 




(4 


A-16 
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AM CP 706-242 


APPENDIX VI1W 

105-MM HE PROJECTILE, Ml (MODIFIED)* 


AUTHOH(s)e. T. Roacker; E, D. Boyar 


REPORT BRL MR 929 (Ref. 
DATE 4955 

TYPE Of TEST Free flight 


85); BRL MR 1144 
19SS 

Fra* flight 


L -O 

Muzzio 

V*- 

<c 

4 1 

[a *.Sb— - 

4 4°^ 


WMgttf,tb 
(Vrfocfyfpa 
(Spin rot*,rps 
d,H 

V, fod/col 

Rifling twist 


32.12 

1510 

US 

0 .3*4 

~Q-314 a t mu.il. 
20 eal/turn 


Diimnaions, caiiban 



Mach No. 

to fan kasaiban 

Moch No. 

4*74 T JuoJf* 0.017 T AtoA»_0.1i7 







Subaonic 

Ticnaonic 

hah 

k * 

0.380 L «d 4.1*5 

c J 

M 

0.7 

0.95 

1.35 


* 

u 

6. 1*0. 5 


6. 1*2.0 


Cu 

1.6*0. 2 

2.0 

1.9 


C*. 

3.6*0. 1 

4.9*0.13 

3.85*0.05 



-7. 6*3.0 

• 12.7*3.5 

.6. 9*0. 7 

/ Varies markedly with yaw at subsonic and 
(.transonic 'speeds 

C *e- 

.0.3*0.25 

0.55*0.07 

0.03*0.05 



Roccker 

Boyar 



3.9*0. 2 

4. 5*0. 2 

3.4 

J 

J 

1 

•« 

2.6*0.15 

2.15*0.1 

2.7 

Subsonlcnlly. and s^ vary markedly 

Mo 

0.15*0.47 

0.94*0.14 

0.63*0.16 

with yaw. Projectile is dynamically unstable 
at yaws loos than 3*. 

M.H, 1 

0 20 ♦°* 57 
B * -1.03 

0.96*0.02 

0.65*0.12 



0.36*0.02 

0.47*0.02 

0.37 


Saa comment 

STABLE 

STABLE 



A-16*Tbe cylindrical body diamotar was uadsrcut by .03 inch to iacraasa tha yaw. 
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APPENDIX VI11-G 

4.9-CALIBER PROJECTILE AT TRAHSORIC SPEEDS 

AUTHCJj(s) L. E. Schmidt REPORT BRL. MR 824 

DATE 19S4 

TYPE Of TEST Free flight 


AMCP 706-242 



— ZJS* —A *"“1 
Dimensions, calibers 


Weigh), lb 

-’-° s Muzzle (Velocity, fps 
(Spin rate, rps 

V. rad/col 


42. S 


Yaxlifeli 

0.341 

0.314 


C 

±.005 0 


































) 



















Q. 

±.05 **■ 

4 

3 


0 0.5 1.0 1.5 2.0 

Mach No. 

eg. location from ba**, caliber* 


0.5 1.0 1.5 2.0 

Much No. 

^slog-ft* Iy.slug-ft 1 . 





Subsonic 

Transonic 

Pbak 

Supersonic 

M 

0.83 

1.03 

1.3 

<V 


6. i (estimated) 


Cu 

2.3±0.1 

2. 1±0.1 


Cm. 

4 . 4± . 04 

4. 7*. 04 

4.7*. 04 


>1 . 8±0. 8 

•5.0*1. 2 

• 3.5 


-0.4*. 05 

-0. 1*0.1 

-0.05 

S 

f-fr 

iocofan 

3. 0*0. 1 

3.0*0. 1 

3.0*0. 1 

•a 

3.1*0.1 

3. 0*0.1 

3.0*0.1 

•do 

•0.63*0.40 

' 0.42*0.30 

0.71 


•1.7*1. 4 

0.66**’** 

-0.43 

0.92 


0.32*. 01 

0.33*. 01 

0.33*. 01 

*8 

UNSTABLE 

METASTABLE 

STABLE 


kyCol 


0.345 


k|,eal 


0.975 


Comments 

Used over whole M±ch no. range 


from 


A-17 
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AMCP 706-242 


APrUDU VUl — H 

■ 90- MM HE PROJECTILE, T91 

AUTHOfiis) Li. C. MacAllitter. 


REPORT BRJL MR 990 (Ref. 13) 

DATE 1956 

TYPE Of TEST Free flight 



Vfcightlb 

Muzzle jVWocdyfpt 
(Spin raNi,rpe 

d,ft 

'V, rod/eoi 


18.64 

V ariable 

Variable 

0. 292 

0.25 


Dimensions, calibers 


.4 


*0.005 


.2 


m 


0 0.5 1.0 1.5 2.0 

Modi No. 


*0.05 
. except 

a* 

noted Se. 

4 

2 

0 
































a 



± 


i 




































ca location from boeecafibon _ 

1.95 [ 

M 

Subcoiwc 

0.7 

Traneonic 

0.95 

k col 
<r 

Suporeofwc 

l.S 

C * 


• 


Cu 

2.1*0.! 

2. 7*0. 2 

2. 1*0.1 

Cm. 


• 

• ■ 

Vb 

10*1.1 

0*1.5 

-4. 5*1.0 


•1.0*0.15 

-0.9*0. 3 

•0.2*0.15 

c .„ 




f-p 

IookAm 

•a 

3. 6SO.05 

3. 35*. 15 

3. 55*. 05 calb 

•rfo 

HS*TIo 


• 



Modi No. 

* °.006« T^A ^ A* 0.0645 


0.370 


k^ed 


1.14 


Ccenedi 


Values ehoen are for tracer aot 
ignited. With tracer i pitted, C £ 

i* reduced abeut 6%; Cj^ la aot 

changed eery much; dynamic 
stability la ioprcnd. 


y 


bom bow 

Coefficient* vary with yaw. 

See BRL TN 1119 (Ret. 64) for 
a Tartarian 


A-18 


Tracer off — UNSTABLE at aU 
Mach no a. teeted (0.6 4 M « 2.0) 
Tracer on— UNSTABLE 0.6<M11. 6; 
STABLE chore M a 1.4. 
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AUTHORS) 


AntnDix vm— i A MCP 706-242 

EFFECTS OF HEAD SHAPE VARIATIOH 

E. R. Dickinson REPORT URL MR 838 (Ref. 24) 

DATE 1954 
TYPE Of TEST Free flight 



2720 


■ 0416 


t 


V 


c.0. location from boaRcofiban various 


R 

9.47 

14.20 

18.94 

37.88 

m 

R/Rj 

1.0 

1.5 

2.0 

4.0 

ss(cone) 

S. 

.235*. 007 

.210*. 005 

.205*. 005 

.210*. 005 

.21 7*. 005 

Cu 

2. 8*0.1 

2.7*0. 1 

2.65*0.1 

2.55*0.1 

2.5*0. 1 


3. 05*. 05 

2.93*. 05 

2. 82*. 03 

2.71*. 03 

2.57*. 05 


Commncto 


C^, * 10.0 for 
all type* 

All value* are 
at M * 2.44 


wnttm* from bow 


R t is the radius of a tangent ogive, in calibers. 
For this projectile R^ * 9.47 calibers. 



A-19 


to 


toil 


iktlmmM 


i toswtoto 
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AMCP 706-242 

AUTHOflk) H. P. Hitchcock 



apfmdix vin— j 

120- MM HE PROJECTILE, M73 

REPOST BILL R 569 
DATE »945 
TYPE OF TEST Free Flight 

Woipfw.lb 90 (appro x.) 

(Vak«i*y,fps -3010 

(Spin rote.fpa , 

d,ft -0-392 

V, rod/cal 0-209 

M.T. U61 Fuse 


<C 

.4 


1 2 3 

Mack No. 

cq. location from boMtoafifcws 


M 

C B» 4 

Cu 

Cm. 

C «^ 

C * 


Subsonic 


Transonic 

Psak 


*« 

•do 


f— 











































J 


S 

S. 

m 
























Computed 
from C, 
drag 
function 

Form factor 
. 0.89 




Mock No. 

Iy.dmHt 1 - 


k col 

of” 


k^eal 


SupTionic 

1.2*0.17 


CcmmanM 


-0.0125*. 000* 


Determined hy avoraging ovar 
tima interval* a* long as 60 sac. 


A*20 
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AUTHOR^) L. E. Schmidt 



jppevdu vm-K . 

COSE CYLINDER 

REPORT BRL MR 759 (Ref. 52) 

DATE 1954 

TYPE CP TEST Free flight 

Type 21 • eolid bronze 

Weight, ib °- *22—. 

Muzzle (Velocity, fpe \UrUbic . 


AMCP 706-242 


(Spin rote, rp* 


t>, rod/col 


0655 20 inm 
0.25 
















i 





3H 

X* 

Ml 

* f 

4? 










( 

te 

f. 

25 









s 

•> 

4 

r 























Moch No. 

eg. locution from bo**,cokb*r» — LiL 


Subtonic 


Tromonic 


Moch No. 

T x >»o-ft* 5.55x10-^ Iy.almHt 1 

It col 0-530 It, «d _Ii2* 

Of * 


Suptnonc 


*4 0.8 

1.25 

1.9 

2.3 


C *« 





2.3*0.06 

2.6*0.06 

2. 7*0.1 

2.9*0.06 

C*, 2.5*0.03 

2.75*0.02 

2.3*0.04 

2.3*0.02 

-0. 3*3.1* 

-9.0 

t4.8 

-6.0 

(from ci.rve) 

-0.7*0. 1 

♦0.25 

♦0.05 

0 (from curve) 

s 

C|» 2.7*. 05 

wxrwnn 

2. 75*. 05 

2. 5*. 05 

2.45 

caliber* from bee* 

•g l.W 

2.75 

3.24 

2.33 


'*o 

0.S7 

0.87 

0.68 

Computed 

Mo (2 % ) 

0.98 

0.98 

0.90 

from 

curve 

data 

-JL 

0.36 

0.31 

0.43 


*0 UNSTABLE 

STABLE 

STABLE 

STABLE 

• Ptiitivi value* of 


are reported for 

3 round*. 
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AMCP 706*242 

AUTHOffc) 


APPEIDIX vm— t 

EFFECT OF BOATTAILIHO OI C# t 
E. R. Dickinson REPORT (R*f. 25) 

DATE 1954 J 

TYPE OF TEST *>•* tli « ht 



Dtattraiofts, eoilbws 


PART 1 

Effect of adding to langth of 
projectile, and diminishing 
the area of the base, by 
adding boattaU. 

d> .0417ft 


Boattail 

Square Base BoattaU Length, 

calibers 

An^e 


0.5 

1.0 

1.5 



C_ at M * 1.2 
©o 


V 

0* 

0.42 



«• 


0.372 

0.350 

0.330 

7*15* 


0.37b 

0.340 

0.324 

9* 


0.39 

0.35 

0.345* 

0* 

0.32 

at M * 1.0 
©o 



4* 


0.200 

0.27* 

0.257 

7*15' 


0.298 

0.270 

0.2b* 

9* 


0.31 

0.275 

0.27* 



C n at U * 2.4 

D o 



0* 

0.2b 




4* 


0.234 

0.220 

0.220 

7*15‘ 


0.24b 

0.22 

0.22 

9* 


0.2S 

0.225 

0.22* 


The C_ value* shown were read from tbs curves in MR M2. The scatter 
D o 

of the observations averaged about *0.005. Varistiaa in surface finish, by 
affecting the boundary layer transition, may account for much of the scatter. 


*The 9* . 1 . 5 caliber boattaU was a dynamically unstable configuration: these 
data are for a 9*. 1.25 caliber boattail. 


♦ 

A-22 
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APPUBIX VIII — L 

EFFECT OF BOATTAILIHG OK C. # (crat’d) 


AMCP 706-242 



AUTHOjKs) E* Dickinson 


REPORT BRL MR 842 (Ref. 25) 
DATE 1954 

TYPE OF TEST Frec m « ht 



PART II 

Effect of increasing the length of the 
boattaii, and diminishing the area of 
the base, while keeping the overall 
length of the projectile constant. 

d = .0655 ft = 20mm 


Boattaii 

Angle 

0 ‘ 

4* 

7 * 


0 * 

4* 

T* 



0 * 

4* 

7* 


Square Base 


Boattaii Length, calibers 

0.5 1.0 1.5 


C_ at M x 2.4 


0.256 4,0 


0.243 0.224 

0.237 0.216 0.207 


C_ at M s 3.2 


0.208 


0.19* 0.179 0.169 


0.172 


Cj^ at M * 4.0 


0.165* 0.151 0.144 


The Cjj values shown were read from the curves in MR 842. The scatter 
of the observations averaged about -*0.003 . 

Estimated effect of adding a driving band (rotating ring) is to add 0.01, or 
less , to the values shown assuming that the band does not extend to within 
less than 0.25 calibers of the bjttiaii. 


•These values were read from an interpolated curve. 




I 
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AMCP 706-242 
AUTHOflts) 


wmix vui-v 

EFFECT OF BOATTAIL OH AT IE = 2.44 
T. Hailperin REPORT BRL UR 347 (Ref. 26) f 

DATE «45 

TYPE OF TEST *>■•*»!** 



d x 0.0417 ft 
U « 2.44 


Boattail Length, caliber a 


Baa* Ana 

Square Baa* 

0.5 

1.5 

Frontal Arta 

1.0 

0.76 

0.39 

c D 

0.263 

0.248 

0.228 

°o 

a. 027 

a. 004 

a. 005 

C D<A 

6.7 

5.1 

4.5 




A-24 
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APF1XD1X VII!—* 

90-MM MODEL OF 175-MM PROJECTILE, T203 

AUTHORvS) B. G. Karpov, K. S. KrUl REPORT BRL MR 956 

DATE 1955 

TYPE OF TEST Tret flight 


and B . Hull 


-5.5 — 

\— Z.9-4 


Weight, ib 

Mux* la (Velocity, fps 


21.82 


Variable 
^Spin rota, rpt Variable 

'll, rad/cal 


AMCP 706-242 


0.295 

0.196 ~ (Por standard 175mm 
gun.V * 0.314) 


Di mansion*, caiiban 



eg. location from base, caliber* 


C M« 
a. 05 4 




1.94 


Mach No. 

T^ elug-ft* .0075 I^ehq-ft 1 -0535 


k a cd 


0.356 


k^eal 


0.952 


M 

Transonic 

1.15 

1.65 

Supersonic 

2.6 

V 

5.8 

5.8 

5.8 

Cu 

1.4*. 08 

3.0*. 05 

3. 5*. 05 

Cm. 

4.75*. 05 

4.3 

3.75 


-7.8 

-8.0 

-6.7*, 35 


0.28*. 15 . 

0.28 

0.19*. 04 





cp 

nann 

4.7 

3. 25 

2.95 

•a 

1.48 

1.65 

1.90 


Coffnaoh 


> from ban 
calculated withy * 0.314 


V. 

Vp%> 


Projectile ie dynamically • table over 
this range of Mach number* when fired 
from a gun with 1:20 twiet (V • 0.314). 


•to 


A-85 
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AMCP 706-242 


tfRISU vm— * 
(coat'd) 

AUTHORts) B. G. Karpov, K. S. Krial 
and B. Hull 


REPORT BRL MR 956 

date 1955 

TYPE Of TEST Free flight 


■9 3 


tp- 

Dimmiona, cdiban 


-i 


Weight, ib _iklL- 

tepertf^rp. 

1/' rod/cd USE OT 0,251 




*.05 

2 

1 

0 


2 3 

Modi No. 

C.Q. KXGxKjn VfQfP DON^GiMOiri 


1.85 


0 12 3 

Modi No. 

^thyA^Mfek Iy.Jug-ft*. 


^i±- 


k ed 

C 7 


0*340 


kj,cd 


1.065 


M 

1.2 

l.b 

Sugmenic 

2.6 

c 

5.8 

5.8 

5.8 

'"OP* 

Cu 

2.3 

2.95 

3.5 

Cm. 

3.0 

3.1*. 05 

2. 8*. 02 


-9.3 

-9.7*0. 1 

-9.5 


0.18 

0.18 

0.16*. 05 

C * 


2.98 

2.80 

2.60 

•b 

2.37 

2.30 

2.52 


X 

&\> } 


i from bam 

calculated with* > 0.314 

Projectile ie dynamically * table over 
this range of Mach numbers when fired 
from a gun with 1:20 twist (9 a 0.314). 


A-» 


© 
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appexdix VIII— o AMCP 706-242 

7J-IHCH SPIHKER ROCKET, T99 

AUTHOR^) T. Hailperin REPORT BRL R 572 

DATE 1945 
TYPE OF TEST Free night 
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AM CP 706-242 awmrsix tow 

5-CALIBER A-R SPIRRER SOCKET 

AUTHOR) C. H. Murphy and 
L. E. Schmidt 


REPOST BRL R 876 (Ref. 
DATE 1953 

TYPE OF TEST Free flight 

Intermediate c.g. location 


49 ) 



Web, lb 

Muzzlo {Velocity, fpe 
(Spin rat*, rpa 
d,ft 

V, rad/col 


Variable 

Variable 

Variable 

"MSS 


a.aOB. 

Dirasntione, colibor* 



■ 

F* 






































































It wj 
<r 


Modi No. 

Iy.Ajo-ft 1 . 


0.340 


k»,ed 


1.19 




Corwww^i 


M 

1.3 

1.8 

2.5 


7.9*1. 5 

8. 8*2.3 

6.9*8. 4 

Cu 

2.1*0. 1 

2. 5*0.1 

2.9*0.15 

c- 

3. 95*. 05 

3. 80*. 05 

3. 35*. 05 

V* 

-13.5*1.5 

-12.5*0.5 

-11.5 


0.43*. 08 

0.19*. 08 

0.19 


-.013*. 001 

-.011*. 001 

-.010*. 001 


3. 5*0.1 

3.3*0. 1 

3. 0 * 0.1 edft— from baM 

C Hpa 

•0.35 

•0.30 

-0.15 approximate 


v. 


A-28 
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APPKIDIX Till — 9 

7-CALIBER A-K SPIHHER ROCKET 


AMCP 706-242 


AUTHOfife) L. E. Schmidt and 
C. H. Murphy 


j- 74 


REPORT BRL MR. 775 (ReX. 53) 

DATE 1954 

TYPE OF TEST Free flight 

Type 2 model: intermediate c.g. location 

Weight, lb «»» 

jsasu ™ 

j ,0655 * 20mm 

'V, nxd/cd °- fe ? 


Di mansions, calibers 


(Pusher sabot) 



C M. 

±0.1 *> 
5 

4 


Mach No. 

eg. location from base, calibers — L2L 


2 3 

Moch No. 

T eLip-f* 8 5.76x10-* I^sJug-ft* 95JadQ- 6 


k cal 

a- 


0.364 


kf.cd 


1.48 


Subeonic 




Comment s 


M 

0.8 

1.01 

1.28 

C * 

6.6±1.3 

7. 1*0. 8 


Cu 

2.0±0.05 

2.0*0. 1 

2.2 

C«e 

5.2±0.1 

5.7*0. 1 

6.2 


• 21*1 

-19*1 

• 25 

V 

-0.40*. 05 

-0.35*0.1 

40.40 

c .p 

-0.024*. 0005 

-0.021*. 001 

-0.019 

CP 

tooctan 

5. 4*. 05 

5. 35*. 05 

5.3 

•« 

6.0*0.1 

5. 6*0.1 

5.0 

V. 

y.6%) 

-0.26 

-0.20*0.13 

0.78 

•0.59 

-0.46*0.31 

0.95 

1 

0.17 

0.18 

0.20 


UNSTABLE 

UNSTABLE* 

STABLE 


Change due mainly to change in m ap i w c.p. 


from 


•Moving the c.g. forward 0.8 calibers 
makes this shape stable at Mach numbers 
greater than 0.9. 


A4» 


Downloaded from http://www.everyspec.com 


AMOP 706-242 awkmdix viu-u 

7 -CALIBER A-M SPIMREk ROCKET 

AUTHOR^) C. H. Murphy and 
!>• £• Schmidt 


- Ijo 


UtJOV) 

h 

fli3oa.\ 

Dimancton*, cdibeo 


1 J_ Waighf.lb 

' 1.0 Muzzle jValodty.fp* 
X (Spin roMrp* 

6, ft 

V, to d/col 


REPORT BRL R 876 (Ref. 49) 
DATE 1953 

TYPE OF TEST Free flight 
Intermediate e.g. location 


Variable 

Variable 

Variable 

“37555 — 


s. 

*.01 "• 









6 . 







• 

EV 






4 

4 

< 5 

V 













0 

to- 


2 3 

Modi No. 
from bat*,cdib*n 




2.96 


k Col 0.345 


Modi No. 

Iy.JutHt 1 . 


M 

1.3 

1.8 

MBb 

2.5 

V 

12.0*4.5 

6.6*1. 5 

6. 9*2. 3 

^■U** 

2.2*0.16 

2. 5*0.1 

2. 8*0.1 

C - 

6. 2*. 05 

6. a*. 05 

6. 6*. 05 


-26*0.5 

-31.5*1.0 

-33*0.5 


0.40*. 08 

0.50*0.12 

0.70*. 05 


-.019*. 001 

-.016*. 001 

-.016*. 001 

tpi 

Bcmn 

5. 4*0.1 

5.4*0.15 

5.15*0.05 


-0.50 

•0.50 

-0.40 


Solid dural model 

Corrmidt 


kj.od 


1.74 


La 
U « 
b » 


C H» * bf * 

1.3 1.8 2.5 

45 26 110 


from I 
approximate 


*<4 

uPx 1 


A-ao 


AU teat round* were dynamically (table; i^Ll.S. 
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APPENDIX Vlll-8 

9-CALIBER A-H SPIMHER ROCKET 


AMCP 706-242 


V 


AUTHOfi(s) 


C. H. Murphy mad 
L. E. Schmidt 




-ao 


± 


L_ loB 

\l 


J 7 


REPORT BRL R 876 (*ef. 49) 
DATE 19« 

TYPE OF TEST Free flight 

Intermediate c.g. location 
Weight, lb Variable 

Muzz In (Velocity, fp* 

(Spin rot*, rpt 

d.ft 

V, rad/col 


Variable 

Variable 


. a. so a 

Dimensions, coiiber* 



I^skig-ft*. 


Moch No. 

Iy.dug-ft*. 


k col 
a> 


0.347 


- k } ,Coi 

Homogeneous models 

Comment s 


2.30 


M 


1.3 

S. 6*3.0 


1.8 

5. 9*2.3 


2.5 

7.4*7. 5 


♦ 


is 1 


He 1*0 

2.3 

2.6 

2.9 

«• L3 It IS 

|**0 

8.5 

9.5 

10.0 4 

6* AX Wo 14 

«.» -85 -ISO -142 

'S^ 

-50*3 

•72*4 

-74*8 


1*0 

0.5 

1.0 

1.0 


C .e 

-.024*. 001 

-.021*. 001 

-.018*. 002 


moon 

7. 05*. 05 

7.1*. 05 

7. 1*4.1 cofi 

un (rotn btM 


•do 


1.14 

0.98 


1.40 

0.84 


1.35 

0.88 J 

■ vyasnucsuy eiaste isi aero yaw) at all 3 Macs no*, wnen • ; 

la also a f unc t i on of yaw, increasing in magnitude . * 


Based on aero yaw value* 

Dy n a mi cally stable (at aero yaw) at all 3 Mach ao*. when • >1.2. 


a - a 



On 


/ 
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A WP 706-242 


afperoix m-« 
10-CALIBER CORE CYLIRDER 


AUTHOfils) E. D. Buyer 



REPORT BRL MR 1256 (Rs*. 17) 
DATE I960 

TYPE OF TEST Free flight 

Forward c.g. configuration 

Weight, lb 

Muzzle (Velocity, fps 
(Spin rota,rp* 

d,fr 

V, lad/cal 


0.535 

Variable 

Variable" 

♦ 0655 » 2 0mm 
0.63 

Pusher sabot 


Dunamions, rnlihon 




Modi No. 

«■» lo ca tion fiam bosstcoiibsrs 


Transoni c 

Subsonic Book 

M 0.2 


k col 

Or 


Supersonic 

1.3 


9.3x10 


Modi No. 

. Iytiug-ft*. 


0.361 


k f ,eol 


Caiwart i 


2.6x10-* 

1.90 



5.SS 

11.2 (sstimatsd) 


Cu 

2.3*0.15 

2.3*0.15 

Cna-C.. 

Cm. 

7.25*0.2 

9.15*0.2 

(^"t* eC Hf*|dfO*Vi 

) M « 0.2, b • 250 

1 ** 

^ M * 1.3, b^ » 340 

^**■(*0 

•42*5 

•0.9*0. 1 

..032*. 0005 

-45*5 

-0.4*0. 1 

*.027*. 0005 

ftp 

6. 2*0. 2 

7.0*0. 2 

ws from bat* 

•o 

3.6*0. 1 

3.0*0.05 



•d. 


•0.75*0.23 


-2. 1*0.0 


>0.13*0.15 calculated at scro yaw 
.0.30*0.34 



UNSTABLE 
at yaws lass than 5* 


0.33 

UNSTABLE 
at small yaws 


A *h 
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V 


AUTHOR) M. J. Fiddiagton 


APPixsix vm— T 

105-MM HEAT PROJECTILE, T171 (MODIFIED)* 


AMCP 706-242 


REPORT BR-L UR 1215 (Ref. 91) 
DATE 1959 

TYPE OF TEST Free flight 


5 AS 4 



£ 

„X.\ 

Dimensions, edition 


Weight, lb 


17.54 


I- 


Muzzle (Velocity, fp. ***** 

(Spin rctejp* 
d,ft °* 344 

'V, rod/col 

Six- finned, end-plated tail 



V 


-1 

±.0S C M„ 
-2 


-3 

-4 




0 1 2 

Modi No. 

T y dug-R V 0>_ 00 ^ I^shy* 8 °- 0CB 


M 

C * 

Cu 

Cm. 

C V 

E* 

a, 


Subsonic 


Transonic 


k,cd 


0.341 


k^od 


1.17 


*>nmrmir: 


Commonlt 


2. S*0. 2 No significant 5 rounds 
variation 
with 
Mach 

-28*7.5 I number 14 rounds 


from 


Static instability (C^,_> 0) Is to be 
expected at about bt» 2. 


0 

The else of the yaw for the rounds tested ranged from about 0.9* to 4*. 

*Modifled by eliminating the wrench slots in the forward section of the nose. 


A48 


(S 
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AMCP 706-242 

authoAEs) e. D. Boyer 


imrexx viu— o 

M-MM MOST AS PROJECTILE, T24 





REPORT BRL MR 1020 (Raf. 17) 
date 1956 

TYPE OF TEST Freeing 


lb 


4.05 


MuzzW jMJodty’lp* • 50< * . 

K^TtSo,*. Var3K>.. than l rp.) 

d,f» iii22 

y, rad/ooi 



Trcnanic 

IWok 


4 




1 5.9x10 


>i--l U- 

iwocn no. . 

o-4 93.5«10~ 4 


0.347 


ky.flOl 


1.38 


C o w— «dp 


C «. 
C «^ 
V 
C * 
fP 


5.341.0 

2.340.1 

• 2.140.05 
•20 (approx. ) 


*• 


C^- 45 4 13 
C 50 «’ '“* 5 


Baa *4 am i roosda with 40 fla east, 
lisa canted. No apparast effect at 


7 rousda with the aft aactiooa of Dm 
( up to 4*) os drag, lift or pitching 


A44 
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ATPUDUC vrn-v 

105-MM MOST AS PROJECTILE, T53 


AMCP 706-242 


AUTHOR^) m. J. Piddington 



REPORT BRLMR1354 
DATE WM 
TYPE Of TEST Free flight 

23.35 


925 


Variable 


0.344 


r 0.08 

) 0.13 

L 0.16 


a. 005 


.4 

.2 














































.1 

75 


M 

X 

0. 

>2 







4 














0 12 3 

Mocii No. 

C-8 lotarton from bas^coEbara A- 87 


Mach No. 

J^«kj8-fr*_2i2ii ly.iiup-fc* 0-253 


M 

Ct. 

C -J. 

c -^ 

C, 

C. 


Subtonic 

0.82 


Tnaraanic 

frofc 


k cr ed 


0.345 


k t# ed 


1.64 


Sup*rsonic . 


Corwnmh 




7*2 
3.0 * 0.2 

-3.5 * 0.1 at eero ipin 
-55* 5 

• 1.4 * 0.3 at aero apin and yaw 


C u+ ■ c u*j. - *•« 




4 


pcowon 


•do 

uS 2- ^ 


* 0.08 


0.16 


•0.045*. 001 -0.165*.005'\ 
-2.25*. 43 -3.70*. 57 ( 
•9.75*2.0 -21.4*5.4 / 


-22.2*0.5 

STABLE 


1 

o 

b 

• 

M 

S 


5 from bom 
^ 1 affective squared yaw 
For stability at nearly aero yaw, 

V should not exceed 0.11 (45 rp* at 

V • 900 fps) 


(Computed from coefficients 
tabulated above) 


•6.05*0.2 

UNSTABLE (but STABLE at about ^ • .094 rad ■ 5.5*) 


& 


A-36 
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AMCP 706-242 

AUTHOflfe) 


mm ix vui— w 

57-MM HEAT PROJECTILE, T188E18 


C. P. Sabin 


REPORT BRLMR 1112 (Ref. 35) 
DATE 1957 

TYPE OF TEST Free flight 



Mach No. 
eg. location from 


M 

V 

Cu 


Subsoni c 

0.8 


Transonic 


- 70 * 10 

bertha 

*b 

Mo 


0.95 

10.0 

2 . 8 * 0.0 5 . 6 * 1.2 

.6.4*0.) .0.5*1. 5 

.62*9 


lb 


(Spin rat*,rps 
'V, rad/cd 


2.75 


1200 


6 * 1 


0.107 

















ft 















w 






























5 





1 

t | 











2 

i 


0 , 

1 

0 






























A 

§ 



























J 

L 













4.95 


0 1 2 

Moch No. 

T y A Jp A > - - 00035 


k col 


0.545 


k|*cd 


1.86 


Trarwonic 

1.06 

5.1 * 0.5 
. 6 . 0 * 0. 5 
.75*8 


Cc m wal i 

0.54 Mil. 07 


The large variation in may he due to 

yaw and to dual flow. 


.0.05*0.05 Computed from curve; fin asymmetry i 
nullify skin friction . 

i from bow 


A- 8 S 


eCyttadrlcal body undercut 0. 22 inch to increase yaw level (to about 5*). 


<& 
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ATPUD1X VUJ — X 

HEAT PROJECTILE, T108 


AMCP 706-242 


AUTHOflts) B. O. Karpov 


REPORT BRL UR 698 (R at. 4?) 
DATE 1953 

TYPE OF TEST Free flight 



VV^Ib 


14.4 


(Spin rot*, HP* v iriMt 

d,ft 0.295 

' V , fod/col ... 



Modi No. 

cq . location from bam,eaSbon 


*4> 

V<»%) 


-8 
- 6 
































\ 









































6 .21 


Subsonic 

Transonic 

W 

Supersonic 

M 

0.9 




1.2<M< 1.8 

Cu 

2.7 

3.0* 0.5 

C-e 

-8.5 

See curve 

Vi* 


-120 * 10 

s 

*A * «.g». caliber* • 

-2.0 

•1. 1*0.4 


Modi No. 

I ikio-h* . 0048 I .143 

t- - 


kj.cd 


1.91 


t 




a 



(/* l 


MR 


* 
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AMCP 706-242 a***whx vuwr 

W-1CM HEAT PROJECTILE, T108 

AUTHOSb)^* J* Ro«« ud R. H. Kriager; oenrdrr R* TM (Ril. )})• 

R. Pixiali and L. C. MacAlllater DATE **195!* ^ 

C fi+t Win «* tunnal; Prae night 



jVWod^fpg 

Ppiw iti%ip» 


2750 


0 to 217 

d,ff(4ull acala) — Q*.2$5_ d. ft (w-t modal) 0.118 
V, rad/cof 































Jtj 

»• 

t 

L 

0 . 

42 
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Mach Not 

— ly.tkjg-h 1 . 


k f.col 


-<Ls 


M 1.72 1.72 

Body alooa Body ♦ tail 

2.45 

^(•Ctwr^i.s 2.8 

3.0 

C*. +5.4 -3.2 

VS* 

-<1.S ♦ 75y*) V a roll r ata la rad/cal 

-75 (approx.) 

V 

-8.3 (approx.) 

Vlad tunaal 

Praa night 

Caliban * ,,s * 1 * 6 

-<0.45 ♦ U-J) 

*0 Rodactioa of boom lanf-th 

by 1.5 eallbara cut C, 

• 1 1m 

Pr^cUU bacomaa dynamically uaitahla abora 
-*P« (* • 0.11). 


**H). t.prc.|. itptntiga «u 




Mat* halaad. Thla ralatloa 
■hmld hold for tha atx-fta 

aaakroadad tail aa wall. 
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APPBXDIX VIII— Z 

10-CALIBER ARROW PROJECTILE 

authorCs) L. C. MacAliister REPORT BRL R 934 (Ref. 89) 

DATE 1955 

TYPE Of TEST free flight 

I 40 H Weight, lb Variable. 

| [ ~T Muzzle (Velocity, fpa 

S O (Spin rota, rpe „ 1*. — 

] d,ft .<** 

' — 'll, rad/cal 

**!*•}*■ Cruciform tail 

&% thick wedge fins, not canted 
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I. 


4A6 «| 

Dimensions, caliber* 




k cal 
cr 


OJS 


kweal JL±, 


M 

i.l 

1.8 

2.4 

C n»* 


12*1 

9*1 

Cu 

21*3 

12*1 

8. 5*0. 5 

Cm. 

-42*0.5 

-21*0.5 

■ 12*0.5 


-220*50 

-290*50 

-270*50 









baton 

2.1 

2.1 

2.6 


CdBWIWtl 


•b 

V 
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Arpnroix iz 

TRAJECTORY PROGRAM 15 FORTRAN LANGUAGE 


, F^W*' 9 ’ 2 ’- ch * ( 2j2.*s 

6 FORMAT " ' 


'F7.2.F8.0,F8.0,F?.1,F6.3.F6.2.F7.3,F6.2) 
F6.3 F6.3lF8.3,F6.3,F6.3,F8.4) 
F8.6-F7.lJ 
2H 5 


9 FORMAT 

10 FORMAT 
7 FORMAT 

100 READ 1 

READ l' D ^FD'lSM'5oi!wiST!ctF!^IKT.RfiA,RGT,DTE,DTL,DTM,ZO.TEMP 

11 READS ”c6o< 1,1), C00{ 1,2). X,CMA( 1.1). CHA(I, 2) 

PRINT 1 

PRINT 7 
READ 1 


PRINT 1 


PRINT 9,FFD,FFM.X,fciA,RGT,0 
PAUSE 

20 IF (SENSE SWITCH 1} 21,22 

21 ACCEPT 6. QE. SST 

22 IF (SENSE SWITCH 2) 23,26 

23 ACCEPT 6, FFD, VO.DTL.DTM 

26 READ 1 1 

PRINT 1 * 


PRINT 6,WT0,V0.SPIS,SBT,0TH, TWIST ,Q£ 

READ 1 

PRINT 1 -1 0 

PRINT 6,wfB,Z0,TEMP,0TL,DTE,Ct! 1 2,CLP 
PRINT 7 
TOST - 0.0 
IF (WTO-WTB)29.23-96 

96 THST-(WT0-WTB)*SPJS/S8T 
DMASS»TOST/(32.17*SPIS) 

29 TEMPR - 518. /(A59.*TEHP) 

VAO « 11l6./(TEMPR*N>.S) 

RH005 - .001189*TEM»R 
PRINT 10. RH005. VAO 
PRINT 7 
PAUSE 

IF (SENSE SWITCH k) 20,97 

97 READ 1 T;m* X 

PRINT 1 

READ 1 TH#U Z 

PRINT 1 
PRINT 7 
PI NTT - 0.0 
TINE - 0.0 
X - 0.0 
DIST - 0.0 


(.PR titJl imr ) 

Di<t V CP CM A SR VUtS 
TWruit Drw^ 
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\ 


\ 


THT - QE 
Z - ZO 
ZF • ZO 
S « .7854*0**2 
PMASS - WTO/32.17 
THETA - .01745329*QE 
V - VO 

IF (TVI$T)30,31,30 _ ^ . 

BO SGC - rga**4/(4.0*RH005*S*D*RGT*»2) 

GNU - 6. 28 32 /TWIST . 

YRC - 32.17*RGA**2/(RH005*S) 

END Of INITIALIZATION 

31 IF (Z-30000.) 32,33,33 

32 RHO - EXPF(-3.2E-05*Z) ■ . 

GO TO 34 

33 RHO » .38289*EXPF(-4.6E-05*(Z-30000.)) 

34 IF (Z-36500.) 35.36,36 

35 VM - V/(VAO-{VAO-970.)*Z/36500.) 

GO VO 37 

36 VM - V/970. 

37 IF <COO(9.1)-VM) 38,38,39 

38 CO - C00(9,2) 

GO TO 43 

39 1-2 

AO DIFF - VM-C00(I,1) 

41 CO i°COO(l ,2}40iFF*(C00(l ,2)-C00( 1-1 ,2))/(CD0( 1 ,1)-CD0( 1-1,1)) 
GQ TO 43 

42 1-1+1 

GO TO 40 

43 CD - FFO*CO , 

m. If 

45 CM - CMA{9,2) 

GO TO 50 

46 1-2 

47 OIFF - VM-CMAH ,1) 

48 CM i°c£ll!1i40iFF*(CMA(l.2)-CMA(»-1.2))/(CMA(l,1)-CMA(l-1,1)) 
GO TO 50 

49 1-1+1 

GO TO 47 

50 CM - FFH*CM 

SO - SGC*(GNU*+2)*PMA$S/(RH0*CM) 

IF (SG-1.0) 51,51*53 

51 PRINT 52, SG . 

52 FORMAT (FI0.3.10H UNSTABLE) 

53 YR .(YRC+PMASS*GNU/(RHO*CM+V*+2))*COSF (THETA) 

CO - CO + CD02*YR**2 
95 GACC • -32. 17*S I NF (THETA) 

OWC - RH005WKV**2)*S«C0 

ACC - GACC ♦ (THST-ORAG) /PMASS 
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ii 

r 


5: 

* • 

l! 


59 

€0 

55 

56 
70 

57 


58 

61 

63 


62 

68 

8 


H 



OT - DTL/(ACC*ACC)**OTE 
IF (OT-OTM) 60,60,59 
OT - OTH 

IF (SENSE SWITCH 1) 57,55 
FI NTT - FI NTT-1.0 
IF (PINTT) 57.57.56 
IF (THT*THETA) 76,70,58 
ZF - ZT 

PRINT 6,TIHE,X,DIST,V,C0,CH,RH0,PMASS 
PRINT 6. TH ETA, Z,THST, DRAG, YR,VM, GNU, SG,DT 
PINTT - PINT ; 

IF (SENSE SWITCH 2)56,5 8 
ACCEPT 6,DTL,DTH 
IF (TIMF-SBT) 62.61,61 
IF (THST) 66,66,6$ 

■"ST - 0.0 
PMASS - WTB/32.17 
GO TO 57 

IF (TIHE-KJT-SBT) 69,68,68 
OT - 0TM/6.0 
PMASS-PMASS-OMASS«OT 
DRAG * DRAG*(1.042.©*ACC*©T/V) 

ACCT - GACC 4 (THSTH9RAG) /PHASS 
VBAR - V ♦ (ACC4ACCT)«OT/6.0 
OS - VBAR*CT 
¥ - 2.0*¥BAR - ¥ 

DIST - DIST ♦ OS 
TIME - TIME ♦ OT 
THT - THETA 

THBAR - THETA - 16.09*C0SF(THETA)«0T/¥BAR 
X - X 4 OS^COSF ( THBAR) 

2 - Z 4 OS*SI NF(THBAR) 

THETA - THETA - 32. 17*C0SF( THBAR) *0T /VBAR 
GNU - GNU*(1.0 4((0RAG*CLP/(PMASS*CD«RGA**2))-ACCT)«0T/V) 
TEST FOR END OF TRAJECTORY 
IF (Z-ZF) 67.67.31 
OS - (ZT-Z)/SINF(THETA) 

TIME - TIME 4 OS /V 
X -(X 4 DS*CQSF(THETA))/3.28l 
THETA - THETA/. 01765329 
READ 1 
PRINT 1 

PRINT 6, TIME, X, ¥, THETA, GNU, SG 

IF (SENSE SWITCH 6) 20,100 
END 

SW 1 OMFOR SYMBOL TABLE 

FT P Ratio of drag coefficient curve to typical curve in 
FFM Ratio of static acaent coefficient curve to typical 
TYPE Identification of typical drag and aoaant curves in 
RGA Axial radius of gyration, calibers 
RGT Transverse radius of gyration, calibers 
0 Msxiaua body disaster, ft 


67 


in 



■- ,j *-* ■ 
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WTO Projectile weight at launch, lb 

VO Projectile velocity at launch, fps 

SPIS Specific Impulse of rocket fuel, aec 

SPT Rocket motor burning time, sec 

TWIST Twist of rifling, calibers per turn 

HE Quadrant elevation, deg 

WTB Projectile weight at rocket burnout, lb 

7.0 Elevation of launcher, ft 

ZT Elevation of target, ft 

TEMP Air temperature at launcher, ®F 

COO 2 Yaw-drag coefficient, per rad 2 

CLP Roll damping moment coefficient 

OTL Numerator of expression used to compute time intervals 
DTE Exponent in expression used to compute time intervals 
OTM Maximum length of time interval permitted 
PINT Number of time intervals between automatic print-outs 
CD0M,1) Element of mach no. column in drag coefficient table 
C00ll,2} Element of drag coeff. column in drag coefficient table 
CMA(I,1) Element of mach no. column in moment coefficient table 
CMA(I,2) Element of static moment coeff. column in moment coeff. table 
THST Rocket thrust, lb 

Rate of change of projectile mass, slugs/sec 
TEMnt Ratio of std. absolute temp. to absolute temp.of air at launcher 
VAC Sea level (2*0) vel. of sound in air at temp.of air at launcher 

RH005 one-half air density at sea level at air temp. at launch, slugs/ft 3 

X Horizontal distance from launcher in range direction, ft 
01 ST Arc distance along trajectory, from launcher, ft 
THT Variable carrying sign of traj. angle at beginning of time interval 
S Frontal area of projectile, ft 2 

PHASE Projectile mass, slugs 

THBAR Trajectory angle at middle of time interval, radians 
THETA Trajectory angle at end of time interval, radians 
V Projectile velocity, fps 

SGC Constant in computation of gyroscopic stability factor 
GNU Spin of projectile, rad/cai 

YRC Constant in computation of yaw of repose, ft 2 / slug . sec 2 

Z Altitude of projectile, measured from sea level, ft 

RH0 Ratio of air density at altitude to density at sea level 
VM Mach number 

CO Drag coefficient 

0 IFF Mach no. difference from tabular value, for interpolation in table 

CM Static moment coefficient, per radian 

SG Gyroscopic stability factor 

YR Yaw of repose, radians 

PINTT Counter for automatic print-out 

TIME Elapsed time since launch, sec 

GACC Projectile acceleration along trajectory, due to gravity, ft/sec 2 
DRAG Drag, lb 

ACC Proj. acceleration along traj. at beginning of time Interval, ft/sec? 

ACCT Proj. acceleration along traj. at end of interval, ft/ sec 2 

DT Length of time interval, sec 

V8AR Average velocity over time interval, fps 

DS Arc distance traveled during time interval, ft 
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212 Catkat Patartalt (PeaaatalHcT 

11) APbasiraf 

M2 ta**s u SalactlM af tah*ar (MM ape 

Ml Pap a as lM one PapMslM Allay* 

M4 AImImm aaa IMm Allays 

M7 TttealM aaa TlualM Allays 

MO Caspar a«S Capper Allays 

OM talas ta laarlflcatiaa* far HmIKI* tataar 


700 Plastics 

721 Carrasla* tap CarraatM Pra k a ctlM af Hauls 

722 tins* 


■W •Uriels CrTaa Is tatap ankllthae os Ptlllary PtaataaAt (PtL-KOOta) MU* asp aaa I leal* a* OaparUaat of OafiPM 
Aplasias frM ta* taaat Supply Ota**, MOI Ttaar ****** , PhtleaalpaU. PaaasylsMla llllp. 


